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pnR THEIR PPFPARATION 



■ The present la«.6on relates to potyfetxles and mettKXis and ..eans tor preoanng 
then, ,ndspe=,«a,V.cn»«.«ytnrcm,cins.na,are.«etu,asant»«c.ena.and.n,,pn>.ozoa, 
agents and o,ne,app.«,e,...n.carcer.ame,osc,e,..s.,a«ncno,»«,.edu*ne,e,,ln 
„a,„„«s.«.ud^man.aswa,,as»,t,sn.nd»ds.™s— a.so,«ates.opna,..=e*a, 
c„„pcs*nscon.ain,ngtn,nov^co™p^ndsand».neth=dso..rea.n9Pac,»ia, and protozoa, 
,„,eCtons..an,.a,s..^..nd»*»yad.in«en„,^er»ve,co,npo„ndsto.an,n,a,s.«snand 

birds requiring such treatment. 

Pol,Ket«e b^syntnetK 9=nes or por.ons ot them. -„=h may be denved Iron, d«.erent 
peptide b,os,nthet,c gene dusters are n,an,p.tated to allow ,n. prod,K:*ono, no«l 

erythromycins. 

PolvKettdes are a ,»,e and s-n^tural^ diverse Cass ot natural products that,n«udes n,an, 
compounds possessing antit«ot,c 0, other phannaco^^ ».OP«.*s. such as en,h,om,clh. 

.etrac^s.rapamyah.av^mect^.po^ye.he.iono^o-.a^"*^*"'^""'"""*'"''" 
are abundantlypnxlucedbyStreptomyces and ,e.atedac«nom,c«e bacteria They are 

syr^esised by the repeated s,«,-s, condensat^n o. acyt«,ioes.ars in a manner analogous to 
that 0. tatty acid b^thass ThograaterstructuratdWer^ytound among na.u,«potyVa.«« 

ahses.r„~s«ec*oho.(usu.Wac«a„or^^nate.s-st=«er,o,-ax«der 

th. dittering degree o. process,n, o. the ^ -<»™*'°" 
Examples o. processing «eps inCude ,aduc«». frhydm»ya=y--. '««- <^'"» 
dehydration to 2*hoy... »« oompW' -educon to«» s.tur«.d ac«hioes.«^ The 
atereochemlca, outcome o. these processing «eos is also specihed .or each cyd. o. ch»n 
e«,en.o. Th. biosynthesis o. po,„retidasi..hitia.ed b,.groupolch»n*xming ^uymes 
^howhas^tytretidesynthases T«. classes o.^.«d.synthas ,PKS, have been descnbad 
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tn actinomycetes. However, the novel polyketides aivl processes which are the subject of this 
invention are synthesised by Type i PKS's. represented by the PKS's for the macroiides 
erythromycin, avermectin and rapamycin (Figure 1). and consist of a drfferent set or 'module- of 
enzymes for each cycle of polyketide chain extension (Figure 2A) (Cortes. J. et al. Nature (1990) 
i 348:176-178: Donadio. S. et al. Science (1991) 252:675-679: MacNe.1. D.J. etal. Gene (1992). 
1 15:1 19-125; Schwecke. T. etal. Proc. Nail. Acad. Sci. USA (1995) 92:7839.7843)' Note: The 
term "natural module- as used herein refers to the set of contiguous domains, from a fi- 
ketoacylsynthase CKS") gene to the next acyl earner protein (-ACP-) gene, which accomplishes 
one cycle of polyketide chain extension. The term -combinatorial module" is used to refer to any 
group of contiguous domains (and domain parts), extending from a first point ,n a first natural 
module, to a second equivalent point in a second natural module. The first and second points will 
generally be in core domains which are present in all modules, i.e.. both at equ'n^lent points of 
respective KS. AT (acyl transferase). ACP domains, or in linker regions between domains 

Figure 2 shows the organisation of the erythromycin producing PKS. (also known as 6- 
deoxyerythronolkle B synthase. DEBS) genes. Three open reading frames encode the DEBS 
polypeptides. The genes are organised in six repeated units designated modules The first open 
reading frame encodes the first multi-enzyme or cassette (DEBSI ) which consists of three 
modules: the loading module (c^-load) and two extension modules (modules 1 and 2). The 
loading module comprises an acyf transferase and an acyl carrier protein. This may be contrasted 
with Figure 1 of W093/13S63 (referred to below). This shows OHFI to consist of only two 
modules, the first of whteh is in fact both the loading module and the first extension module. 

In-frame deletion of the DNA encoding part of the ketoreductase domain of module 5 in 
DEBS has been shown to lead to the fomiation of erythromycin anatogues 5.6-dideoxy-3- 
•mycarosyl-S^xoerythronoWe B. S.G^ideoxy-Soxoerythronolide B and S.6^ideoxy-6.6 
•epoxys-oxoerythronollde B (Donadio. S. et al. Science. (1991) 252:67M79). Ukewise. 
alteration of active site residues in the enoylreductase domain of modul 4 in DEBS, by genetic 
engineering of the corresponding PKS-encoding DNA and its introduction into 
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Saccharopolyspora en^hraea. led to me production of 6.7-anhydroery1hmmydn C {Donad.o S. et 
at. Proc. Natl. Acad. Sci. USA (1993) 90:71 19-7123) 

international Patent Applicat«n number WO 93/13663. which is incorporated hereir. by 
reference in fts enfrety. descnbes addrtional types of genetic manipulation of the DEBS genes 
s that are capable of producing a«ered polyKefdes. However, many such attempts are reported to 
.ave been unproductive (Hutch.nson C R. and Fuiii. I. Annu. Rev. Microbiol. (1995) 49:201-238. 
at p.231) The complete ONA sequence of the genes from Streptomyces hygroscopicus that 
encode tne modular Type i PKS governing the biosynthesis of the macrocyclic 
immunosuppressant po^^etide rapamycin has been diseased (Schwecke. T. et al. (1 995) Proc. 
,0 Natl. Acad. Sci. USA 92:7839-7843) (Figure 3). The ONA sequence is deposned in the 
EMBLyGenbank Database under the accession numoer X86780 

Although large numbers o. therapeutically important polykefdes have been identified, 
there remains a need to obtain novel potyKetides that have enhanced properties or possess 
completely novel bioactivity The complex polyKet.des produced by modular Type I PKS's are 
,5 particularly valuable, in that they include compounds with Known util«y as anthelminthics. 
insectiodes. immuno^ppressan.s. antifungal, and/or antibacterial agent. Because of their 
structural complexly, such novel poiyketides are not readily obtainable by total chemical synthesis. 
orbychemica.modHica..onsofknownpo.yketK.es. One aspect of the invention arises from cur 
appredaton that a Type I PKS gene assembly encodes a loading module which is foltowed by 
.0 extensionmodules. it is par^cuiarty useful to pro.de a hybrid PKS gene assemWy in whW, the 

.oading module is heterologous to the extension rpodutes and is such as to lead to a potyKetide 
having an altered starter unit. This isaconceptquit^ unknown to the prior art s.nce.h.sdoes not 

recognise the existence o1 loading modules W093/13663 refers to a«ering PKS genes by 
inactivating a single function (i.e. a sngle enzyme) or affecting 'an entire module' by deletion, 
insertion, or replacement thereof. The toading assembly, in the.r terms, is not a module. 

« the loading module is oh wh«:h accepts many dmerent carboxylic add units, then the 
Hybridgeneassemb^ can be used to producemanydrtferent polykefdes. For e^^^^ 
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gene assembly may employ nucleic acid encoding an ayr loading module with bdl extender 
modufes. TTlbading moduie may accept unnatural acid units and derivatives thereof; the ayr 
loading module is particularly useful in this regard (Dutton et a< . (1991) J. Antibiot. 44:357-365). 
in addition, it is poss.ble to determine the specificity_qLthe natural loading module for unnatural 
starter units and to take advantage of the relaxed specificity of the loading module to generate 
novel polyketides. Thus, another aspect of this invention is the unexpected ability of the fi^ 
loading module to incorporate unnatural carboxyKc acids and derivatives thereof to produce novel 
erythromycns in eTrthromycin-producing strains containing only DEBS genes. Of course one may 
also make alterations within a product polyketide particularly py replacing an extension module by 
one that gives a ketide unrt at a different oxidation state and/or with a different stereochemistry, it 
has generally been assumed that the stereochemistry of the methyl groups in the polyketide chain 
.s determined by the acyftransferase. but it is, in tact, a feature of other domains of the PKS and 
thus open to variation only by replacement of those domains, individually or by module . . 
replacement. Methyl and other substrtuents can be added or removed by acyftransferase domain 
replacement or total module replacement. Consequently, it also becomes apparent to those 
skilled in the art that it is possible to combine the use of the relaxed substrate specifkaty of the 
erythromycin loading module with extension module replacement and hybr« loading module 
substitution With extension module replacement as a mechanism to produce a wide range of novel 
erythromycins. Thus, this invention describes the production of novel erythromycins by non- 
transformed organisms and also such gene assemblies, vectors containing such gene assemblies, 
and transfonnant organisms that can express them to produce novel erythromycins in f ransfomted 
organisms Transformant organisms may hartxjur recombinant plasmids. orthepiasmkismay 
integrate A piasmid with an /nr sequence will integrate info a specific attachment site (aff) of a 
host's Chromosome. Transfomianf organisms may be capable of modifying (he Initial products, 
e.g.. by carrying out all or some of the biosynthetic modifications normal in the production of 
erythromycins (as shown in Figure 2B). However, use may be made of mutant organisms such that 
some of the normal pathways ar blocked, eg. to produce products without one or more -natural- 
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,,965)1 Ba«.rol, ,«:42S^««>='.*'c«p.-««IM'einby..ler««..a«i-.n»«,^ 

5 ,o,»«ance«d«pHbed»>V«97/K266wHchls,n==.>orat=<.h«=lnb,,««nc.«»se«e,,. 
This a«»c.ctm,m«1.0dlsB„ely«.c«.« «i«.t™a«a, PKS g«,em=dules as 
.uMns »,o«, can b. usad » c.>«,c, enzvme syaems. and ■n.s no.« »V."™™ycin 
„^«s. desired .ypee. TNs gene,..., ln.o,«. «>. cunin, cu, and m. a«n,b.y o. .nddu-s 
a«„um..=du,e,™u^n,s.l««l^e=.s..-m.«*«.ndbr..»n„n,.,™d.,=,«nn.c«,n,„e 

,„ «,„,ne«^r„l=nsb.,^^9i^>»«e.er.«™ybepr«e™b,.,o..Kecu».ndiolne 

ac,„«,.«d=n,ains,....m»n«™<=*^ ^-^^"^ 

Ngh,yc<,nse™.dh«e»e«eena.™d^-PKSs.and«sn,av«d««econ»~=«»°'"*»^-^ 

,na,canbe«an3=Hbed..ma,«s03S.s.,na,„n^n,n,.heepadn,=.«ac«»ee»es=.>ne 

e™o.ed.n.,.e.wn.h.a,be«po,«n,.For.xa.^..np-P»"«"»a^=-«"'«"' 
,5 me ^,oad,„, ™.u,eb,an^»a«a, .od„.e.t.e ^.oduleu-gem^wSbas^aJ^^ 
„.j5»-3«sffi5a«l!Sl^^ Tbes>«o.«KSdon,«n,w..3paced 
;;;:;rac«v,mis«^b,y»ns»ved.^.«r«o,.p...d...-«^b,esp«n,s«ea,^ 

^^e...n,«e^.,,on»e,...a...»a2«^^ 
.«cl«d eamp<lu»waswen-«<acedbyanallo.dl»« module. 

,„«,.wh«,su»s«u.in,.toad»^"«-*«™'"-'*"°"»"°''"™''"''" 

,«.,n,nod^edo.a«e«>c..-*'-<*^--'=^"'^''^""*='"-"^" 

,„eKS««e,«.o,«.»l^",.-^--"- ^'^'^^ 
«.ep™v.ded.pn^a»aa«.,.a,-.ne-epBcem.n,ls.«en«d»^.»«»'™" 

- c™,™,-. h^evef mayle«dm»»eKSolthe"e«eiBionmodulelroma 

diftercnl starters. Propionate, however, may ic^w ^ 

p^p ^nalepcoimmeh^ da i^^"'"^"""^''''''"'" ^'""'"'"^'^ 
7;::;7ed by e.b«*n,;;T«.«edtaa*n,mod^. include.*' «'■"«»'«•' '<^«"'"- 
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(The splice site may be in the end region ot the KS gene, or early in the following AT gene, or the 
/inker region between them.) 

When replacing "moduJes". one is not restricted to "naturaJ" modules. For example, a 
■combinatorial module" to be excised and/or replaced andtor inserted may extend from the 
corresponding domain of two natural-type modules. e.g.. from the AT of one module to the AT of 
me next, or from KS to KS. The splice sit es will be in corresponding conserved marginal regior^g^ 
i n linker regions . A combinatorial module can also be a 'double' or larger multiple, for adding 2 or 
more modules at a time. 

In a further aspect, the invention provides novel erythromycins obtainable by means of the 
previous aspects. These include the following: 

(i) An erythromycin analogue (being a macroMe compound with a l4-membered ring) m 
which C- 13 bears a side-chain other than ethyl, generally a straight chain C3-C6 alkyi group, a — ^ 
branched Cg-Cg alkyi group, a Cg-Cg cycloa/kyi or cycloalkenyl group (optionalty substituted, e.g.. L'^^^-^'^-^-'^ 
with one or more hydroxy. .4 alkyi or alkoxy groups or halogen atoms), or a 3-6 membered t*^ P*l ^ 

heterocycle containing O or S. saturated or fully or partially unsaturated, optionally substituted (as 
for cydoalkyl). drR^ phenyl whch may be optionally substituted with at least one substituent 1 
selected from C,-C, alkyi. C,-C4 alkoxy and C.-C. alkytthio groups, halogen atoms, trrfluorom ethyl. ^ ^ ; 
and cyano: or R, may be a group with a formula (fl) as shown bekjw. 



H 



(Oy,^ (CHr), 




wherein X is O. S or -CH,-. a b. c. and d are each independently 0-2anda + b + c + d^5 Preferred 
candidates for the C-13 substituent R are the groups of carboxyfate ur^^^COOR*. usable as 
substrates by an flii starter module, or rapamyctn starter vanants. Prefjl^red substrates ar the 
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carboxy.K:ac«sPCOOH. A«erT«t.ve substrates that can be eHectively used are cartx,^^^ • 
sans carbox^icacidesters.or.mides Preferral esters are N-acet^-cysteaminethioesters which 
car, readily be utilised as substrates by the starter module as illustrated by Duttor, e^ 
0350187which isinc^rporatedhereir, by reference in nsen.rety.Preterr«ian,K^es^^^ 
i..Cazo.es. aher altematK/e substrates that may be used are derivatives which are o«dative 
precursors for the cartx>x^.c acids: thus, tor example su.table substrates would be amino acids of 
,.etormu.aRCH,NH,)COOH.g^oxy.icacidso1thetormu.aRCOCOOH.methy1am.nederi^^^^^^^ 
tneformulaRCH^H,methano.denvat.veso.theformulaRCH^H.aldehyaesor the formula 

RCHO or substrtuted ^kanoc acxls o. the formula R(CHJ.COOH where^ n U; 2. 4. or 6. Thus 
examt.es of preterred substrates .nciude .sobutyrate (R=.-Pr) and 2-methy1butyrate (R=1 - 
mathyipropyl) Other possibilities include n-butyrate. cyclopropy. carboxylate. cyclobutyl 
carboxylate. cyc.open.yl carboxylate cydohexyl carboxylate. cydoheptany. carbox^ate. 
cydohexen, carbox^ates. cyciohepten, car^xylates. and r.ng-methy,ated vah^^^^ 

carboxyiates and the aforementioned denvatives thereof. 

The erythromycin analogue may correspond to the initial product of a PKS (6- 
deoxye,Vthrono.ide)ortheproductafteroneormoreofthenorma.b^s^met,c«^^^ Asshown 

.n Figure 2b these comprise" 6-hydroxy,at.on: 3-0-g.ycosylation; S-Cglycosylation: 12- 
hydroxylanon; and spedfic sugar methylation. 

Thus, the analogues may .ndude those corresponding to SKleoxyerythronolide B. 
erythromycinA.andthevariousintermediatesanda«ernat.es(a«h^^^ 

Shown in Figure 2b. 

group. -CO-. -CHtOH)-. =CH-. and -CHj-) 

The stereochemistry o. any -CH(OH)- is also independently selectable. 

(iii, Erythromycin an^oguesd^eringf^rn the corresponding -r^turar^^^^^ 
absenceofa natura. methy.sid«ha.n. (Th.sisachie*ab.ebyuseo.avariaht AT,. Norma. 
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extanscn modules use earner C2orC3 uni.s to provide un.ethy,a,ed and .ethytated Ket.de 

unte 0"e-ayprovfdeunrnethy,atedunitswheremethy,a.edunrtsarenatura.(andvi^ In 
systems where ,here are naturally unmethylated units, and also provide larger unrts. e.g. . C, to 
provide ethyl substftuents. 

aweocnemisfrv ot ■naturar m,my,; ^ ,ubsttu,« other man melhyl. 

M Oe^Bve, « any „, awva „ave unoergooe p„^33i„, ^ 
=n^™s. . „„, ormore « hydroxylato. .„xlaa,io„^ gWo«,a*„. ana m«wa«on. 

Methods ar. o.«„5ed fo, p,oduc«o. ot the novel e-ythromyoina o- Ife p,„en, 
mventton, ,n ,.e *mp,est „„„an,r„ atane, «s „ ^„ „ ^ 

capaote o. p™.,^ en^hromycs A p„,e„eO approach lo™,.es „t,oOo«i„„ „, „. 3„„„ „„„ 
™o rermentatK,,, Protha „, „e .r„hrorh,*.proo„on, or^nia.. ah approaoh ^ „ „or. 
«..=... .or„a„s.or..„o„an<a,hscapaP,eo,p,00«,„,e,^hro,„y,^ 
.hateju. oah atao be ih,roOuc«. to a,t.„,ativ. p,.p,ra»na o, th. ^ythromycin-produc^g 



or^™.,or.xan,p.,.„»,«,„.,.oor.„,r«,„„at«pro»en^.„pre„ara,ohs. Agaih thia ' 
app.oach«e,ua,.,«,ec.K,,or,,a„3,,™«„^,„,^,„„„„,^,^^^^^^^^^^ 

ahom.r„,,h„0.ohe.r,„or.aegmen,s,,0NA.h=od*,,«v«„a,h,o<,o,,.orPoh,,,„a»i,„,„3 
20 he.«oto,oua Type . PKS (th e -dor^- PKS, h.,. Oaeo uae. to r^ac. n.. . 

'^ ^y. ^ n»dul.a or doh»,h. w.h,h th. P PB . ^ „, „ n ,...».,,o,,a:egga3. 
=H!!!iS,U««hs h««ut.a ana .Kt««o„ „odo,„ hatur* o,hOh.«ur« T,p. , 

PKS.,resu,.N„o,„„.ao„,,p,3,„^^^^,^^,^,^^_^^^^^^_^^^^^_^ 

°'°°!^>^"'"""'^ , '"PN»t>.iriru aaj^ ^ 

orgahlsatKV, ,a t^wh Ihro^h .«„„o. ahal^ia. a, laaa, ,h pah^ Pa,.o.,a,v 

exaa,p,e.o.»»«.*,™«^„„^,,^„^„^^ ^ih, m«»*. «^„, . , 
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specificity, for xampl . the loading module ot the avermectin (avr)-produc.ng PKS oi 
Slreptomyces avermitilis: orttiose loading modules possessing an unusual spedfidty. for 
example, the loading modules of the rapamycin-. FK506-and ascomycin-producing P KS s. all of 
which naturally accept a shikimate^erived starteLu nit. Unexpectedly, toth the untransformed 
5 and genetically engineered erythromyctn-producing organisms when cultured under suitable 
conditions have been found to produce non^atural erythromycins, and where appropriate, the 
products are found to undergo the same processing as the natural erythromycin. 

In a further aspect of the present invention, a plasmid containing "donor PKS DNA is 
introduced into a host cell under conditions where the plasmid t)ecomes integrated into the DEBS 
„, genes on the chromosome of the erythromycm-producng strain by homologous recombination, to 
create a hybrid PKS. A preferred embodiment is when the donor PKS DNA includes a segment 
encoding a loading module in such a way that this loading module becomes linked to the DEBS 
genes on the chromosome . Such a hybnd PKS produces valuable and novel erythromycin 
products When cultured under suitable conditions as described herein. Specifically, when the 
15 loading module of the DEBS genes is replaced by the loading module of the 

averniectm^roducing (avr) PKS. the novel erythromycin products contain a starter unit typical of 
those used by the avr PKS Thus, when the k^ading modute of the ery PKS is replaced by the avr 
loading module. Saccharopolyspora erythraea strains containing such hybrkl PKS are found to 
produce 14-membered macrolWes containing starter unHs typically used by the avr PKS. 
20 Itis unexpected that the I44nembered macroMe potyketides produced by such 

recombinant ceHs of S. erythraea are found to include derivatives of erythromycin A. showing that 
the several processing steps required for the transformation of the products of the hybrid PKS Into 
novelandtherapeutkallyvaluableerythfomydnAderivallvesarecorrectlycarriedout. Afurther 
aspect of the present invention is the unexpected and surpris.ng finding that transcription of any 
25 Of the hybrid erythromycin genes can be specifically increased when the hybrid genes are placed 
under the control of a promot^Jfira^HP^^e linked to a specific activator gene tor that 
promoter It is paftloilarly remalkaWe that wh WenetK:aily engmeered cell containing hybrid 
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erythromycin genes under such control is cuttured under conditions suitaUe (or erythromycin 
productionrsignificantly enhanced levels of the novel erythromycin are produced. Such specific 
increases in yield of a valuable erythromycin product are also seen for raturai erythromycin PKS 
placed under the control of ^T^jl^S promoter and activator gene. In a prefen-ed embodiment. 
5 desired genes presem on an ^cpj^rived plasmid are placed under the control of the 
bidirectional acti promoter derived from the actinorhodin biosynthettc gene cluster of 
Streptomyces coelicolor. and in which the vector also contains the structural gene encoding the 
specific activator protein Act ll-orf 4. The recombinant plasmid is introduced into 



10 



Saccharopolyspora erythraea. under conditions where either the introduced PKS genes, or PKS 
genes already present in the host strain, are expressed under the control of the actI promoter. 

Such strains produce the desired erythromycin product and the activator gene requires • 
only the presence of the specific promoter in order to enhance transcnptional efficiency from the 
promoter This is particularly surprising in that activators of the Actll^rf4 family do not belong to a 
recognised class of DNA-binding proteins. Therefore it would be expected that additional proteins 
15 or other control elements would be required for activation to occur in a heterologous host not 

known to produce actinorhodin or a related isochromanequinone pigment It is also surprising and 
useful that the recombinant strains can produce more than ten-lold erythromycin product than U ^ JU^^SL^ 
when the same PKS genes are urK3er the control of the natural promoter, and the specific ^ «^ 

erythromycin product is also produced precociously in growing cufture, rather than only during the 
20 transition from growth to stationary phase. Such erythromycins are useful as antibiotics and for 
many other purposes in human and vetennary medicine. Thus, when the genetically engineered 
cell is Saccharopolyspora erythraea, the activator and promoter are derived ftom the actinorhodin 
PKS gene cluster and the actl/actll-ort4^egulated ery PKS gene cluster is housed in the 
chromosome, following the site-specific integration of a low copy number plasmid vector, culturing 
25 of these cells under suitable conditions can produce more than ten-fold total 14-membered 

macrolide product than in a comparable strain not under such heterologous control. When in such 
a genetically engineered cell of S. erythraea the PKS genes under this heterologous control are 
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10 



hybrid Type 1 PKS flenes whose construction ,s described herein, more than ten^otd hybrid 
poivKetide product can be obt^ned compared to the same hybrid type I PKS genes not under 
such control Specitical^. when the hybnd Type I PKS genes are the erv PKS genes in which the 
leader module is replaced by the avr loading module, a ten-told increase is found m the total 
amounts o( novel l4-membered macrolides produced by the genetically engineered cells when 
cultured under suitable conditions as described herein. 

The suitable and preferred means of growing the untransfom,ed and genefcally- 
engineered erythromycin-producng cells, and suitable and preferred means for the isolation. 
,den^..cation. and practical utiKty d the novel erythromycins are described more fully in the 
examples. 

c^^ff pnP^'^Q^^^ ^ Invention 
The present invention relates to compounds of the formula i: 



15 



N(CHJ: 




Rg = H or 





R,o = OHor 

and to pharmaceutically acceptable salts thereof, wherein: 

R,isan£pha;^^ 
Which may be optionally substituted by oneor more hydroxy, groupsraC,C.cycto«.K^^^ 

wherem the alKyl group is an alpha-branded C,-C,alKy1group: a cycloaikyi or C,-C. 
cycloa-Kenyl group, -.her of which may optionally be substituted by methyt or one or more 
hydroxy..oroneormoreC.<J.aiKy.groupsorha.oatom,:ora3to6membered xygen or sulphur 
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may », op«„„«y .«h « ,«s one a«,s,«u.„, se,«,a<, CC.*,,. C,^:. a,K^ 

and C-C. alMlhIo „ou„. ^„ ^ „, „^ ^ ^ 

5 fomiLria (a) as shown befow: 



X 



where.nXisO.Sor-CH,-.a.b.c.arKldarBeacn.ndepenclentlyO-2anda.t,.c.d<5. 

ReisHorOH; R.-R^areeach. .ndependently H. CH. erCH,CH, R. is H or OH; and R, is H 
CH.. or CH,CH,: R, is H or desosam.ne: R. is K CH,,or CH,CH,: R. is OH. .ycarose (R„ is H, or 
cladinose (R.isCHJ. fl„ isH:orR, = R., = o:and R.isH. CH,! orCH,CH, 

•n me atx,ve definition, aikyi groups comammg 3 or more cart»n atoms may be straight or 
branchedcain. Haio means nuoro. cn.oro. bromo or „do. Arpha-branched means that the canton 
.3 anacned to the C-13 position ,s a secondary carbon atom «n.ed to two turthercarbon atoms, .ne 
remainder of the aikyi chain may be straight or branched chain. 

P^ete^redco^ of formula i are those wherein R,.R, R,. and R.are CH,. and R, 
^^^Py^^^^ 2.penten-2.yl. or 4-methy,-2-pen,en-2-y, opt«,na«y 

^S^edbyoneormorehydroxytgroups Also preferred are compounds of formula l wherein 
0 R,-fi.. R,. fl. and R.areCH. and R. isC.<:.cycloalkylorcycloafl<enyf. which may opftonaHy be 
subs.i,utedbyoneormorehydrcxylgroupsoroneormoreC.<:.ai.cy, g^ups. ,n a further group 
Of preferred compounds. R. ,s a 5 or 6 membered oxygen or sufphur containing heterocyclic ring 

particu.anya3-.h.eny,or3.fury.ring.wh.hmaybeop..ona.,ysubstrtutedbyonaormoreh^ 
groups, or one or mor C,<;, alky, groups or halogen atoms. In another group of preferred 
compounds. R.lsaC<:,alkytthioa.kyigroup. particuiartya i-methylthioethyl g«up 
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Other specrf ic embodiments of this invention include compounds of formula 2: 



Rs = H or 





and to pharmaceutically acceptafcJie saltsthereof. wherein: 



Rio= OH or 




HjC 0Rt3 



R, is H. C>-C« alkyl. Cj-C„ alkenyl. C,-Cs alkynyl. alkoxyalkyl or alkylthioalkyi containing from 1 
5 to 6 carbon atoms in each aikyf or alkoxy group wherein any of said alkyl. alkoxy. alkenyl or alkynyl 
groups may be substituted by one or more hydroxy! groups or by one or more halo atoms; or a Ca* 
C, cycloalkyi or Cj-Cg cycloaikenyl either of which may be optionally substituted by methyl or one or 
more C-C, aJkyI groups or halo atoms; or a 3 to 6 membered oxygen or sulphur containing 
heterocyclic ring which may be saturated or fully or partially unsaturated and whteh may optionally 

10 be substituted by one or more C^-Ci aJkyI groups or hato atoms; or a group of the formula SR^ 

wherein R „ is C.-C. alkyl. Cj-C, alkenyl. C,-C, alkynyl. C,-C, cyckDalkyf. Cj-C, cydoaikenyf . phenyl or 
substituted phenyl wherein the substituent is C,-C4a**<y*. C,-C4 alkoxy or halo, or a 3 to 6 membered 
oxygen or sulphur-containing heterocyclic ring which may be saturated, or fully or partially 
unsaturated and which may optionally be substituted by one or more C-C^ alkyl groups or halo 

15 atoms. 

R, is H or OH; Rj-Rj are each independently H. CHj. or CHJCH^: R, is H or OH ; and R , is H. 
CHv or CH^CHj; Ra is H or desosamine; R, is H. CH^. or CHjCHj; R, is OH. mycarose (Ro is H). or 
cladinose (Rq is CHJ. R„ is H: or R „ = R, , = O: and R ^ Is H. CKj. or CH^H,. with th proviso that 
when Rj-R^areCH,, R,isCK,. R»isCH,. and R„lsCH,. then R, is not H or C, alkyl 
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.nmeabovede«n/.ion. ai^g,upsconta>n,ng3 or^orecar^^ 
branched chain. Haio means Huoro. chloro. bromo or iodo. 

Preferred compounds Of rorrnula 2 are those Wherein R,^,areCH, R,isCH,. R.^ 
andR.isCH.andRjsSR.wher«oR.isn,eth,orem,.,nanothergroupotprefe.^ 
5 .compounds, «.*-ethW. lsopropy,.orsec-bu,^.which.aybesubst«utedbyoneormore 
^V^rox^groups. -n a funher .roup o. preferred compounds. R. is branch c,C..^ group 
substituted by one or more hydroxy groups or one or more haio atoms, particular^ i - 
(trifluoromethyl)ethyl. 

BiereM. ana a pdamaceuncall, accepiauie cmier. 

.ore=«„«a«.«=^,„«,a».,c,,,^p^,„,„,^^„^^_^^^^^__^^__^^ 

acceptaole salt thereof. 

T". .em, ireawen.-. as us« ^ ,„,^,^ ^^^^^ 

or o,e,^„ o, a ,„,«^„ „ „^ „ p^aed « «. 

present invention 

A. «ad r,«ein. ^.leaa otl,«w». I„*c«. te™. «,.c«on(a)- 

be „ p^,,, ^ .^,„,„„,^ ^ ^ 

*a ,«o.i„,.. „^„^„ ^ 
masters B ,„,««„„ ^ ^^^^ ^^^^ 
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glomerulonephritis related to infection by Streptococcus pyogenes. Groups C andG streptococci. 
Ciosthdium diptheriae, or Actinobacillus tisemotyticum: respiratory tract infections related to 
Infection by Mycopiasma pneumoniae. Legionella pneumophila. Streptococcus pneumoniae. 
Haemophilus influenzae, or Chlamydia pneumon/ae; uncomplicated skin and soft tissue infections. 
5 abscesses and osteomyelitis, and puerperal fever related to infection by Staphylococcus aureus. 
coagulase-positive staphylococa (i.e., S. epidermidis. S. hemolyticus. etc.). Streptococcus 
pyogenes . Streptococcus agalactiae. Streptococcal groups C-F (minute-colony streptococci), 
vindans streptococci. Corynebactenum minutissimum. Clostridium spp.. or Bartonella henselae: 
uncomplicated acute urinary tract infeaions related to infection by Staphylococcus saprophyttcus 

10 or Enterococcus spp.; urethritis and cenncitis: and sexually transmitted diseases related to 
infection by Chlamydia trachomatis. Haemophilus ducreyi, Treponema pallidum. Ureaplasma 
. .urealyticum, or Neiserrta gonon^heae :xox\n diseases related to infection by S. aureus (food 
poisoning and Toxic shock syndrome), or Groups A. B. and C streptococci, ulcers related to 
infection by Helicobacter pylon: systemic febrile syndromes related to infection by Borreiia 

15 recurrentis: Lyme disease related to infection by Bonelia burgdorferi: con\\}r\cx\^\s. keratitis, and 
dacrocystitis related to infection by Chlamydia trachomatis. Neisseria gonorrhoeae. S. aureus. S. 
pneumoniae. S. pyogenes H influenzae, or Ustena spp.: disseminated Mycobacterium avium 
complex (MAC) disease related to infection by Mycobactenum avium, or Mycobacterium 
/nfrace//u/are; gastroenteritis related to tntection by Campylobacter jejuni: \nxe^ma\ protozoa 

20 related to infection by Cryptospondium spp.: odontogenic infection related to infecton by viridans 
strepTOCOCci; persistent cough related to infection by Bordetella perTuss/s; gas gangrene related to 
infection by Clostridium perfnngensor Bacteroides spp.; and atherosclerosis related to infection 
by Helicobacter pylori or Chlamydia pneumoniae Bacterial inf ectkjns and protozoal infections and 
disorders related to such infections that may be treated or prevented in animals include the 

25 following: bovine respiratory disease related to infection by P. haem.. P. muttoada. Mycoplasma 
bovis. or Bordetella spp. ; cow entenc disease related to infection by E coll or protozoa (i.e. . 
coccidia. cryptospondia. etc. ) ; dajry cow mastitis related to infection by Staph, aureus. Strep. 
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acceptable carrier in tablets. Also, for use in capsules, useful pharmaceutically acceptable earners 
are lactose and high molecular weight polyethylene glycols (e.g.. having molecular weights from 
2.000 to 4,000). For parenteral use. sieii^ solutions, or suspensions can be prepared wherein 
the pharmaceutically acceptable carrier is aqueous (e.g.. water, isotonic saline, or isotonic 
dextrose) or non*aqueous (e.g.. fatty oils of vegetable origin such as cottonseed or peanut oil. of 
polyols such as glycerol or propylene glycol). 

When used in vivo to treat a bacteria! infection or orders related to a bacterial infection in a 
mammalian subject, or for treatment of various cancers in humans, (in particular non-small cell lung 
cancer) and other mammals such as dogs, either orally or oarenterally. the usual daily dosage will be 
in the range from 0 1*100 mg/kg of body weight espeaally 0.5-25 mg/kg of body weight in single 
or divided doses. 

The phrase "phaffnaceuticalyacceptAle salt(s)V asused herein, unless otherwise 
indicded. includes saftsofacidicor base groups which maybe present inthecompoundsof the 
present invention. The compoundsofthe present in ventbn that a/e basic in nature are capableof 
fonning a wide variety of salts with vahous horganc aid organic acids. The acids that may be used to 
prepare phannareuticallyacceptableacidaddittonsaltsof such basic compounds of are those th£C 
form non-toxic acid additbn satts. i.e.. satecontainng pharmaoologicailyacceptabb anions, such as 
thehvdrochlorrde. hydrobiomide. hydroiodide. nitrate, ajifate. bisutfate. phosphate, acid 
phosphate, isoncotinale. acetate, bctase. sdicylate. citrate, acid cHrata, tartrate, pantothenate, 
bitanrate. ascorbate. suocinate. mdeate.gentisinate.fumarBle. gluconate, glucaronste. sacch 7ate. 
formate, benzoate. glutamsle. methanesulfonate. ethanestifonate. benzenesuHbnate. p* 
toluenesulfonateand pamode p.e.. l.r-methvfene-bis-^-hydrDxy'3-naphthode)) salts 

Those compoundsof the present invention that are acidic in nature are capable of forming 
base salts with various pharmacologcatty acceptable cations. Exanplesdf such saftslnclude the 
aJkalt metal oralkaline earth metal satts and. particubriy. the calcium, magnesium, sodium and 
potassum saltsof the corrpoundsof the present invention. 
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mela(wi«mpl,>mBcok,„e,ieauai„„ai„6i„a„g,3„„ 

C=™o»«o„..p,.s.n,.v.„«„ep«u«..,„™^«^„P,„„„^„^^^, 

S.==h„po,„po,sp,c,.s,S,«p,om«es,«.op»us.Noc.„,„p.«^™„,PP„„ 
An.ob«e„p..„ps,««„„„«»,.„.,„,.^„„,,.„,^„,,^^^^^^^^^^^ 

NR«L233e,,a«,,u«.^^^p,„^,^^,^^^^^_^^^^^^_^^ 
5 «^"->'='"'=«^9»d..nas5een„p,a:.p^„„.b«^,„..„„„»,„,^^^ 

pr...™o™modo.p„<,up„,compom<,sot«,c„™„,hv,„,«„PP„.^„„„^,„, 
*Pmp«..o„„^i„,«p,«„„P,„„^^^,^^^^^^^___^^^^^^^ 

«.".hR..„p™v*„^„„„,,«„^„,,^„^^,^^^^^^^^^^^_^^^^^^^^^ 
N-.V^a..™..«,W,.,«d.,„,„«„„«„,,p,^„„.^,^^^^,__^^^ 

the =n,po„„d,o.*„^ve„,i„„ b,«™™,„,,., „^ 
c«o^.ac«„,d,*«,eme««,s.e»e.no.05«4.0,/L1..p.,«„„,„.„„^„,3 
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from brmutae 1 or2 are generally by gradual adding ne acid orderivatra to the lermentatton. for 
example by daityaddition over a period of several days. The medum used for the f emientation may 
be aoDnvenlfondcomplexmediumcontaning assimilable sources of carton, nrtrogen arxj trace 
elements 



engineered erythromycin-producing cells, and suitable and preferred means for the isolation, 
(dentrlication, and practical utility of the compounds of formulae 1 and £ are described more fully in 
the Examples. 



Some embodiments of the invention will now be described with reference to the 
accompanying drawings in which 

Figure 1 gives the chemical formulae of three known polykelides; 
15 Figure 2a is a diagram showtng the functioning of 6-deoxyerythronolide synthase B (DEBS), a PKS 
producing 6-deoxyerythronolide B (6-OEB), a precursor of erythromycin A; 
Figure 2b shows post-PKS biosynthesis of erythromycins including the conversion of 6-DEB to 
erythromycin A; 

Figures 3d and 3b are diagrams showing the construction of plasmid pIGl : 
20 Figures 4a. 4b. and 4c are diagrams showing the constructfon of pfasmid pND30: 

Figure 5 is a diagram showing the construction of plasmid p A VLO : 

Figure 6 shows the integration of pAVLO into the genome of S. erythraea NRRL2338. 

Figure 7 is a diagram 8howir)g the biosynthesis of rapamydn. 

Figure 6 is a diagram showing the construction of plasmid pM06. 
25 Figure 9 is a diagram showing the construction of plasmid pCJR26. 

Figure 10 Is a diagram showing the construction of plasmid pC*ATX. 



5 



The suitable and preferred means of growing the Untransformed and genetically* 



10 



Brief Description of the l^awinos 
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Figure 11 is a diagram showir,g me construction of p/asmid pC-ATi2. 
Figure 12 is a diagram showfrig the construction of plasmid pCJR49. 
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spectrometer unless otherwise indicated and peak positions are expressed in parts per million 
(ppm) downfiekJ from tetramethysilane. The peak shapes are denoted as foltows: s. singlet; d. 
doublet; t. triplet; q» quartet; m, muJtlplet; br, broad. The atom number shown in the NMR 
structures is not representative of standard nomenclature, but con^eiates NMR data to that 
5 particular example. HPLC-MS data was acquired using a Hewlett-Packard 1090M liqutd 

chromatograph interfaced to a VG Ratform II mass spectrometer equipped with an APCI source 
(method A) or using a Hewlett-Packard 1050 liquid chromatograph Interfaced to a VG Platform II 
mass spectrometer equipped with an APCI source (method B and method C). 



10 HPLC method A : 



Column 
Ftow 

Mobile pnase 



15 



Beckman Ultrasphere 5 ^im ODS 4 mm x 25 cm 
0.85mLAnin 

Gradient: acetonitrile:0.05 M ammonium acetate (28:72) 
to acetonitriJe:0.05 M ammonium acetate (50:50) over 22 
minutes, maintain acetonitrile:0.05 M ammonium acetate 
(50:50) 22-25 minutes; retum to initial conditions 25-30 
minutes. 



HPL C metho d B: 
20 Column 
Ftow 

Mobile phase 



MetaChem Inertsil 5 ^m 08 3 mm x 150 mm 
O.SmUmln 

Isocrallc: methanol:0.05 M ammonium acetate with 0.1% 
trifluoroacetic acid (60:40) 



25 HPLC method C' 

Column 



Waters Symmetry 5itm CIS 2.1 mm x 150 mm 
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Flow 



0.22mLAnrn 

Mobile Phase Qrad/enr: aceton(tri,e:0.05 Man,«,niam acetate (30:70, 

to acetonftrite:0.05 M ammonRim acetate (50:50, over 30 



minutes. 

5 

Use is made of the following media and solutions: 
sucrose 

'<N03 10 g 



succmic acid 



glucose 
trypione 
yeasf extract 
EDTA 



69 g 



2.36 g 



■ MgS04.7H20 , 2 g 

10 mg 

Mna2.4H20 6.2 g 

.CUCI2.2H2O 0.53 mg 

^°^'2 0.55 mg 

FeSO4.7H20 2.5 mg 

milH-Q water to 1.0 L 

to pH 6-6.4 

5g 

5g 
2.5 g 
36 mg 
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tap water to 1.0 L 

KOH topHM 

gflY.P medium 

5 dextrose 50g/L 

Nutrisoy'"tlour 30g/L 

(NH4)2S04 3g/L 

NaO 5g/L 

CaC03 € g/L 
1(1 pH adjusted to 7.0 

Nutrisoy^*' flour is purchased from British Arkady Group. Skerton Road. 
Manchester. UK. 

1 5 The present invention is illustrated by the following examples. 

Example 1a - Construction of Plasmid bIGt 

Plasmid pfGl consists of an SCP2'-denved plasmid containing a hybrid Type I PKS gene 



comprising the avr loading module in place of the ery loading module, the first two extension 
modules of the ery PKS and the thioesterase of the ery PKS. This is constructed via several 

20 intermediate plasmkJs as follows (Figure 3). 

niConstructjon of Plasmid dVE3.4 
Plasmid pVE1446 which contains a portion of the avermectin (avr) PKS genes was obtained from 
E. coli strain ATCC 68250 (MacNeil. D. J. et al. Ann. N. Y. Acad. Sci (1994) 721:123-132). Plasmid 
PVE1446 was digested with BamHi and the 7.6 kbp fragment between coordinates 32.15 and 

25 3.40 (MacNeil. D J. et aJ. Ann. N Y Acad. Sci. (1994) 721:123-132) was purified by gel 

electrophoresis and redrcularised The mixture contained the desired plasmid pVE3.4 which was 
isolated after transformacon of E. coli strain TGIrecO (constructed by Dr. P Oliver. Dept. of 
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Genetics. U. Can,bridge.- Kolodner. R. e. a,. J. BacterK,!. (1985) 163 1060-1066: T. Gibson. Ph.D. 
Thesis. U. Cambridge. 1985. 

Plasm,. pBK25 (Bev*„. D. J. et a.. Eur. J. Biochem. (1992, 204:39-49, was digested with Nco. and 
> the 12 Kbp fragment was end-repaxed and ligated into p.asm,d pUCl8 which had been Kneansed 
With Smar The llgat^n mixture was transformed into E. coli TG , recO and ^dividual co,on,es were 
Checked fcr their piasmid content. The desired p,asm,d pNC012 was identified by its restric«on 
pattern. 

fiii>constrTirti^7n of pia^fnirt rTTRnhr 

Plasm,d PCflabc (Figure 3, was constructed as follows Three separate PCR reactions were 
conducted First. 20 pmol each of synthetic oligonucleotides Al (5"-CTCGTCGGTGGCTTT 

GOG-3-,andA2(5'.CCCGGGAAAAACGAAGACTAGTGGCGCGGACGGCCG-3-,wereusedto 
amplrfy a 1.0 Kbp product from lOO ng pNCO,2 temp^te The PCR product was end-repaired. 
Phosphorylated and Coned into Smal^ut pUCl8 to obtain p,asm.d pCRa. Secondly. 20 pmol each 
Of synthetic oligonucleotides C1 (5-<:aCGCGCAGCGCGGCGGA.3-) and C2 (5-<X3AACCGCTA 
GCGGTCGTCGCG ATGGCCT.3-, were used to amplify a 1.5 Kbp product from 100 ng pNC012 
template. The product was end-repaired. phosphorylated and cloned mto SmalH:ut pUClfl to 
Obtain plasmid pCRc. Thirdly. 20 pmol each of synthetic oligonucleotides 81 
(5-<3TGGCCCGQCCGTCXX3CGOCACrAGTCTTCGTTTTT^') and B2 (5'.AAC 
AGCTAGCGGTrCGTOCGCCX3CTGCCGTGCC.3-,wereused.oamp^^ 1 4 Kbp product from 100 
ng PVE3.4 temp^te. The product was end-repaired, phosphorylated and Coned into Smal^ut 
pUC 1 8 to obtain plasmid pCRb. 

Plasmid PCRa was digested with Hindlll and Spel and the 1 .0 Kbp insert was ligated with 
plasmid PCRb previously digested with Hindlll and Spel. to obtain plasmid pCRab. Plasmid pCflc 
was digested with Nhel and EcoRl and the 1.5 Kbp insert was l«ated w„h piasmid pCRab 
previously digested with Nhel and EcoRt to obtain plasmid pCRabc. 
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Construction of Plasmid nNEWAVETE 
Plasmid pCRabc was digested with Mfel and Sfil and the DNA fragment containing ttie loading 
domain of the avr PKS was purified by gel electrophoresis and ligated with plasmid oNTEP2 which 
had been digested with Mfel and SftI and the larger fragment purified by gel electrophoresis The 
5 ligation mixture was transformed Into E, coii TGI recO and individual colonies were checked for 
their plasmid content. The desired plasmid pNEWA VETE (13.7 kbp) was identified by its 
restriction pattern. 

(v) CQngTructicn of Plasmid pRMS? 

Plasmid pRM52 is a derivative of plasmid pRM5 (McOaniel. R. et al. Science* (1933) 
It) 262: 1 546-1550). pRM5 was first lineansed by digestion with Ndel. end-repaired and then 

reiigated to produce pRMSI. pRM51 was cut with Pad and Nsil and the large Pacl-Nsil fragment 
was isolated and ligated to a short double-stranded oligonucleotkle linker containir)g an Ndet site 
and constructed from the synthetic oligonucleotides 5*-TAAGC3AGGACACATATGCA-3' and 
5*-TAATTCCTCCTGTGTAT-3' which were annealed together. The ligation mixture was 
1 5 transformed into E. coIi TGIrecO and isolated colonies were screened for their plasmid content. 
The desired plasmid (19.6 kbp) was identified by its restriction map and was designated pRM52. 

(vi) Construction of Plasmid dIG 1 

Plasmid pNEWAVETE was digested wrth N6e\ and Xbal arxf the insert was purified by 
sedimentation on a sucrose gradient. The purified insert was ligated into plasmid pHM52 (19.6 
20 kbp) which had been digested with Ndel and Xbal. and the vector purified by sedimentation on a 
sucrose gradient. The ligation mixture was used to transform E. coli and Individual colonies were 
checked for their plasmid content The desired plasmkJ pIG 1 was identified by Its restriction 
pattern. 

ExamtMe lb - Consfruction of Ptasmid dND30 
25 Plasmid pND30 consists of an SCP2*-derived plasmid containing a hybrid Type I PKS 

gene compnsing the avr loading module in place of the ery loading module, the first two extension 

— V 
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rno.u.eso,meeryPKSand,r>emioes.eraseo,meeryPKS This.. 

^. ''Bfy^«i> constructed via 8«»«iroi 

•ntermed,atep<asmidsasfo(iows(Pigure4). 

^Oggoaruait^f th. R^mfrnniT vn i -jg^ 

5 actmomyce,es.,tirK,udesaCo,Ei r ° P^S genes in 

a Co/El rep/con to ailow i. to replicate in E. co« an SCP2' 

nu...S.epto.,ces.p,.conra..M..an.Hopwoo. o . . , 

« promo,., 0„«,g „^,^ ,„„ "^'■'"P*" »0,„ 

y ine iransition from growth phase to statinnorx. 

'nyce.ium. « is constructed as fo„« ^ '° '^'""^ P^ase in the vegetative 

onstrucf ed as follows: an approximateiy 970 bp DNA fraoa,.„, ♦ . 
(containing the aclllort4... . "P^^^A fragment from pMFiois 

9 ineaclllort4 activator gene) (Fernandez-lMoreno M ^ . ^ 

amplified by PCR. osing as primer, t. ^'''^^ '''''^•^^^^ « 

using as pr/mers the synthetic olrgonucieotidas ArrA^-r^ 

CTCGGTAMATCCAGC3-an.s-r^ 5 -ACT AGT CCA CTG CCT 

CAGC 3 «"«-CTTAAGAGGGGCTCCACCGCGTTCACGGAr 
a/so introduces flanking Spei and Aflii roc , ^^^CACGGAC-3. which 

a opei ano Aflli restnction sites Thisfranm»-. , 

(Parro V Pf »i m . C'^ectional promoter pair Pactlll/PactI) 

(f-arro. V. et al. Nucl. Acids Res. (1991) 19 2623 Jfi^ri 

19-2623-2627). using as primers the syntheiie 
Oligonucleotides S'-ACA TTC tct Arr. syntnetjc 
rrc TCT ACG CCT AAG TGTTCC OCT CCC Trr m-o a. 

^ previously cut with Ndel and Aflli m 
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origin of replication (Lydiate. 0. J. et al. Gene (1985) 35:223-235) is ligated into pUC19 digested 
with BamHI and SstI to generate the t)ifunctjonai plasmid pCJRIS (U.7 kbp). Plasmid pCJR24 ts 
digested with Sail and Sphl. the two larger fragments from the digest are purrfied by gel 
electrophoresis, and combined in a four^mponent ligation with plasmid pCJRl6 which has been 
digested with Xhol and SphI The ligation mixture is used to transform Streptomyces lividans and 
colonies are selected in the presence of Ihiostrepton. One such colony \s shown to contain the 
desired plasmid pCJRIOl (approx. 12 4 kbp). kientified by its restriction pattern. 
(\\\ Constmction of Plasmid nCUR29 

The construction of plasmid pCJR29 is illustrated in Figure 4. A* 1.1 kbp Hindlll-Xhol fragment 
containing the tsr gene, which confers resistance to thiostrepton. is obtained by PCR from plasmid 
pIJ922 as template, using as pnmers the oligonucleotides 5'-TGA ACA CCA AGC TTG CCA GAG 
AGC GAG GAG TTC CCC-3 * and 5'-G AC AG A TTC TCG AGC CTT CG A GG A GTG CCC GCC CGG-3' 
which also introduces flanking Hindlll and Xhql sites The PCR product is digested with Hindlll and 
Xhol and ligated with plasmid pCJR 1 6 which has been digested with Hindlll and Xhol, to generate 
plasmid pCJR25. Rasmid pCJR25 is digested with Hindlll and SphI and ligated wHh plasmid 
pCJR 19 which has been digested with Hindlll and SphI, to produce the desired plasmid pCJR29 
(approx. 12.4 kbp). identified by its restriction pattemrPlasmid pCJR29 differs from pCJRIOl in 
the orientation of the tsr gene, the actii-orf4 gene and the actl/actlll promoter, with respect to the 
SCP2'-derived origin of replication. 

fiil^ Construction of Plasmid dND3Q 

Plasmid pNEWAVETE was digested wrth Ndei and Xbal and the insert was purified by 
sedimentation on a sucrose gradient The purified insert was ligated into plasmid pCJR29 (approx. 
1 2.4 kbp) which had been digested with fOdel and Xbal. and the vector purified by sedimentation 
on a sucrose gradient. The ligation mixture was used to transform E. ooli and individual corontes 
were checked for their plasmid content. The desired plasmid pND30 was identified by its 
restnction pattern. 
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&amp|ftip.r<,p>ffnrtin nnfiihn..dnn, f n pg 

PM06 (Rgure 8, Was first constructed *n several steps: 
(OConstrucfinn nf niA^jf^ ^f^p^ 

Theapprcx.>nateVi.3kbpONAsegn,en.ofthee^AigenecfS ervm 

was amp/i/led by PGR emn/^-^ 675-679) 
emp/oy^aspr^ers synthetic o.igonuc,eo,K,es. 5' ^ATGCTCGAr^ 

PNTEP2asatemplate ThePCflor^ , andp/asmid 

F-die. I ne PGR product was end-reoair^vi . 

^onieni. The desired p/asmid oMOl n q ^hr.^ ^ 

T^eapprox.ma.e.y0.85KbpDNAseg.entoftt,erapAgeneofStreo.om >, 
•5 extending from nudeotid. , Streptomyces hygroscopicus. 

m nudeotK^e 1643 to nucleCde 2486 of rapA. was amplified by PCR emolov* 

CTA GGA CCG CGG Arr ^nx ^ 5-<:aC 

P~uct was .nd.,«M,„ 

WConmrnlnn nt m^s^H „;,,p^ 

-------- s-.^cc.^^.OTo.JJ,"^"'"""'"*'-' 

A«=GA0TCG«=QCCO*GTT^ °=°'°=*=CTAGGGA.r«,„.GOCGAC 
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repaired and ligated wilh plasmid pUCl6. which had been linearised by digestion with Smal and 
theri treated with alkaline phosphatase. The ligation mixture was used to transform E coli TG 1 
recO and individual colonies were checked for their plasmid content. The desired piasmid pM03 
(4.4 kbp). in which Ball and Avrll sites ere adjacent to the Hindlll site of the polylinker. was identified 
5 by its restriction pattern. 

riv) Construction of plasmid dM04 
Plasmid pMOl wasdigested with Hindlll and Ball and the 1.3 kbp Insert was ligated with plasmid 
pMOS which had been digested with Hindlll and Ball. The ligation mixture was used to transfomi E 
coli TG 1 recO and individual cotonies were checked lor their plasmid content. The desired plasmid 
1 0 pM04 (5. 6 kbp) was identified by its restriction pattern. 

(v) CQnaruction p^asmid dMOS 

Plasmid pM04 was digested with StuI and the 3.0 kbp insert was ligated with plasmid plvrrEP2 
which had been digested with Slul and purified by gel electrophoresis to remove the 3.8 kbp 
insert. The ligation mixture was transfomied into Ecoli TG 1 recO and individual colonies were 
15 checked for their plasmid content. The plasmid pM05 (12.8 kbp) was identified by its restnction 
pattern. 

^vi^Constmction of plasmid dMQ6 
Plasmid pM02 was digested with Ball and Avrll and the insert was ligated with plasmid pM05 which 
had been digested with Ball and Avrll. The ligation mixture was used to transfomi Ecoli TGI recO 
20 and individual colonies were checked for their ptesmid content. The desired plasmid pM06 (13.5 
kbp) was identified by its restriction pattern. 

(vi) Copgtructign Qf Plasmid pCJR26 

Plasmid pCJR26 is an SCPr based plasmid containing a PKS gene oomprising t he ery toading 
module, the first and second extension modules of the ery PKS and the ery chain-terminating 

_ . _ ' ' 3i 

25 thioesterase. except that the DNA segment encoding the methytmalonyl-CJoArACP t^^a^ 
acyltransf erase within the first extension module has been spedfkally substituted by the DNA 
encodina tt/Smatonvl-CoA :ACP acyttransferase of module 2 of the rap PKS^ It was constructed as ' 
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P on ana allowed to grow for seven (Jays at 28.30«r ah 

. .:::r:::::::''''" 

volumes of ethyl acetAf« =,nH ^ 
3 5-<),hyan,«y.n+epo„oic add » .lactone; 
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Approximately 5 mg pCJR49 ONA was used to transform S. erythraea NRRLa38 
protoplasts to give a strain in wnich the plasmid rs integrated into the chromosome. From several 
colonies, total ONA was obtained and analysed by Southem hybridisation to confirm that the 
plasmid has integrat ed in module 2 of Er yAI to give a novel macrolide biosynthetic pathway 
Further integrations had occurred to give repeated plasmid sequences. S. erythraea NRRL 2338 
/pCJR49 was inoculated into tryptjc soy broth containing 5mg/ml thiostrepton and incubated at 
30*C for three days. 100 mL of this seed culture was used to inoculate 2 L of sucrose succinate 
defined medium containing 5mg/ ml thiostrepton in 5 x 2 L flasks each containing SOOmL medium 
with 2 springs to aid dispersion and shaken at 300 rpm. After a further 5 days of growth the 
cultures were centnfuged and the pH of the supernatant adjusted to pH 9. The supernatant was 
then extracted three times with an equal volume of ethyl acetate and the solvent removed by 
evaporation. Products were analysed by HPLC/MS and two macrolides were identified as the 
erythromycin analogues' 




Example If > Construction nf niasmid dC-ATX 

Rasmid pC-ATX is an SCP2* based plasmid containing a PKS gene compnsing th ery 
loading module, the first and second extension modules of the ery PKS and the erv chain- 
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nine first e xtension module has b^ pncr^^.,^.,,, 
encoding the malonyl-CoAACP H^T^ -!r!lf!!!):f!!^fm^^ 

« 4.0x330 tune, ™.„k™ "'°'««'"")'W«'Maio,,6Hat68-C 

■ ™°"''«"'M"s«allllireeclonei»=..„H. 
»*«.sl,esp,es»„^«e.e=„,pWE,5 * -'"-^ an. T. 

«A.ACP acywanaeraae Ooma/ns was «sco«,m ,„ ^ on* ^, 
'™'"'="'--*™^'~C,«,aaa.„„a,a. Pa., l^rr'T'""" 
putative substrate r««v,ni«i« ««'"ence motif m the 
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5--CCCTAGGAGTCGCCGGCAGTCCAGCGCGGCGCCC-3-osinglhe DNA from the cosmid 
PSCIN02 as the template. The PGR product was end-repaired and ligated with piasmid pUCl8 
Which had been linearised by digestion with Smal and then treated with alkaline phosphatase. The 
ligation mixture was used to transfomi E coii TGI recO and individual colonies were checked for 
their piasmid content The desired piasmid pM038 (3.5 kbp) was identrtied by its restriaion 
panem 

(•») Constmclin n ot pla-smirt r^MQ^ ^ 
Piasmid PM034 is a derivative of pM06 with a polycloning site inserted after the stop codon of the 
inserted D 1 -AT2 gene. Piasmid pM06 was digested with EcoRI and Hindlll and annealed with two 
oligonucleotides. fomiing the double-stranded region of the polycloning site; 5-AAT TCA TAA 
CTA GTA GGA GGT CTG GCC ATC TAG A-S' and S'-TCG AAG ATC TACCGG TCT GGA GGA TGA 
TCA ATA C-3' • The mixture was ligated and transformed into E. coli TGI recO Individual colonies 
were checked for their piasmid content. The desired piasmid pM034 (13.5 kbp) was identified by 
its restriction pattern. 

(iv)ConstnjetiQn of clflsmirt r.Mrw«^ 

Piasmid PM035 is a derivative of pM034 containing TKLS-AT2 gene and a translationally coupled 
crotonyl-CoA-reductase gene from Sireptomycescollinus (Wallace et al., E. J. Biochem (1995) 
233. 954-962). The crotonyl-CoA-reductase gene was excised from the piasmid p2YB3 (the gift of 
Prof. K. ReynoWs) as an Ndel - BamHl fragment, which was treated with mung bean nuclease to 
produce Wunt ends and ligated Into pM034 previously cut with Spel and likewise blunt-ended 
using mung bean nuclease. The ligation mixture was used to transform E. coli TG 1 recO and 
individual colonies were checked for their plasmkl content The desired piasmid pM035 (14.2 
kbp). with the correct orientation of the crotonyl-CoA-ketoreductase gene, was identified by its 
restriction panem. 

(v)Constmctinn of pla.^iri nun^ff 
Plasmkl pMOSa was digested wnth Ball and Avrll and th insert was ligated with piasmid pM03 5 
Which had been diaested wrth Ball and Avrll The Iraation mixture was used to lran.«*irm F noli TG 1 
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(13.5 kbp) was identified by its restriction pattern. 

(vQConStrUfltiftn nf r^^^^i^ |^ ,«-rv 

.«l=«.ado.,„.«««.,„^,^,^,„,^^^^^.^^^^_^^^^^^ ^^^^^^^ • 



ample In > 




were 



SUBSTITUTE SHEET (RULE 28) 



wo 98/01571 PCT/GB97/01810 

35 




Example 1h ■ Construction of S ervthraea NRRL 2339/bC-ATX and its use in production of 14- 
membered macrolides 

Approximately 5mg pC-ATX ONA was used to transform S. erytnraea NRRL 233 8 
5 protoplasts to give a strain in which the piasmid is integrated into the chromosome. From several 
colonies, total DNA was obtained and analysed by Southern hybridisation to confirm that the 
plasmtd has integrated in m odule_2 of EryAl to grve a novel macrolide biosyntnetic pathway. 
Further integrations had occurred to give repeated piasmid sequences S erythraea NRRL 2338 
/pC-ATX was inoculated into tryptic soy broth containing 5 mg/mL thiostrepton and incubated at 

Id 30^*0 for three days. 100 mL of this seed culture was used to inoculate 2 L of sucrose succinate 
defined medium containing 5 mg/mL thiostrepton in 5 x 2 L flasks each containing 500 mL medium 
with 2 springs to aid dispersion and shaken at 300 rpm After a further 5 days of growth the 
cultures were centrifuged and the pH of the supernatant adjusted to pH 9. The supernatant was 
then extracted three times with an equal volume of ethyl acetate and the solvent removed by 

1 5 evaporation. Products were analysed by HPLC-MS and two macrolide products were kjentified. 
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wednmifflnn tn ni.^nin nliu-ri 

tfieir plasmid content. The desired plasmid dM025 f3 6 khoi 

piasmra pM025 (3.6 kbp). ,n which the Sttj/ site bordering the 

insert is adjacent to the Hindlll site in the poMinlcer was identm^ k 

e poiyiinuer. was identified by its restriction pattern 

(■OConstn/Ctinn nf nlacniif^ pf^^n^ 

^0^^^. 5-rOCTACCCCGCOCCOGACrcCTCCACCTaOCGOCTT^.^ 
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plasmid pM026 (3.2 kbp). in which the Avrll site is adjacent to the Hindlll site of the polylinker. was 
identified by its restriction pattern. 

(ifi) Construction of plasmid pM027 
Plasmid pM025 was digested wrth EooRI and Ball and the 1.0 kbp insert was ligated with plasmid 
pM02 which had been digested with EcoRI and Ball. The ligation mixture was used to transfomi E. 
coli TGl recO and individual colonies were checked for their plasmid content The desired plasmid 
0MO27 (4.4 kbp) was identified by its restrkrtwn pattern, 

fiv> Construction of plasmid dM032 

Plasmid pM026 was digested with Avrll and Hindlll and the 0.6 kbp insert was ligated wrth plasmid 
pM027 which had been digested with Avrll and Hindlll. The ligation mixture was used to transform 
E coli TGirecO and individual colonies were checked for their plasmid content. The deared 
plasmid pM032 (5. 1 kbp) was identified by its restnction pattern 

M Construction of plasm Id pM033 
Plasmid pM032 was digested with BspEI and SexAl and the 2.7 kbp insert was ligated with plasmid 
pNTEP2 which had been digested with the same two enzymes and purified by gel electrophoresis 
to remove the 2.8 kbp insert. The ligation mixture was transformed into Eooli TGl recO and 
individual colonies were checked for their plasmW content. The plasmid pM033 (12.6 kbp) was 
identified by its restrk:tk3n pattern. . - 

(vQ Constructign of PlasmM pC-ATI 2 
Plasmid pM033 was digested with Ndel and Xbal and the insert was ligated with plasmid pCJR29. 
which had been digested with Ndel and Xbal and purified by gel electrophoresis The ligation . 
mixture was transformed into E.coli TGirecO and indivkJual colonies were checked for their plasmid 
content. The desired plasmid pC-ATl 2 was identified by its restriction pattern 

Example 1 1 - Constmction of S.ervthra ea JC2JpC'AJ12 and production of TKL denvattves 

Plasmid pC-AT12 was used to transform S.erythraea JC2 protoplasts. Thtostrepton 
resistant coksnres were selected on R2T20 medium containing 10//g/ml of thtostrepton. Several 
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volumes Of emw acea,e a™,*. >«ce «», n.o 

-.^..■*«,o...„ep«„o,e....,_! — 




colonies, tota/ DNA was ob...„^ . the chromosome. Fmm several 

Obtained and analvsed hv .♦k 

H -aoiranas integrated 3- of module 2 of EfvAl to . 

Further^ntecratlonsh^ '° ^ '«^«""^<^'°«<'e t»osyn,hetic pathway. 

ntegrafonshadoccurredtoglverepeatedplasmldsequences Serv,H . 
'k^-ATi2wasif»cuiat«d.n, ^ '^"ences. S erythraea NRRL2338 

as,r»cuiated.ntotrypt,csoybrothcontain,ng5maA«i .h « 
30-C for three days lOOmLoMH ^ '"S'*"'" ♦'"<'«^epton and ,ncut«ted at 

cays '00'"'-o»th,sseedculturewasusedto.noajlate2L «, 

--nedmed.m contain.. s..,mOh.s.rep.on.nS.2U,arT 
n'ed.umwith2sor.n«c, . ^''^'-"««^s«ch containing 500 mL 

--.Stoa.ddisper.onandsha.nat300.m.„era..hersdaysofgrow.h 
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me cultures were centrtfuged and the pH of the supernatant adjusted to pH 9. The supernatant 
was then extracted three times w.th an equal volume of ethyt acetate and the solvent removed by 
evaporation. Produas were analysed by HPLCMS and two macrolide products were identified. 





Example 11 - Oanstruffti^n At nlasmi^ pCP'*? 

paiR49 is a pCJR24.based plasmKj containing a mutant OEBSl-TE gene which has no 
ketoreductase in module 2. and the AT domain in module 2 has been replaced bv RAPS IrTiiT ' 
o^dertomcorp orate a malonyl extenoe r instead of a methylmalonyl extender in the second module 
(Figure 12). 

PM032 was digested with BspEl and SexAl and the fragment containing the AT from RAP 
module 2 was clored into pUC 1 -0 which had been previously digested with BspE I and SexA I. to 
yield the plasmid pCJR43 

paifl43 wasdigested wrth Ndel and Xbal and the fragment containing the mutant OEBSi- 
TE gene was cloned into pCJR24 which had previously been digested with Ndel and Xbal. to yield 
plasmid PCJR49. pCJR49 was confirmed by resfnction enzyme mapping. 

gxarppig im . GoPTiructign fit f fvthraea JC7/r>rjR4ff and pmri..ninn »i Ti^i Ttnrf Yn t iYn I 
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an»y,..»,CCMSo„aP™.,a„.M.TC=OS,„..T.aa„a..s,„««,«,.«»,co.pa„.=„. 

*e,o.5.M,„«,„,,a„o,c ac,. . ,a«„„e an. <.S.5RM..e,h..3.,e,o.5.n,«„«,.ep«™,c ac. . 
lactone: 




E ^oinlf, in ■ rrn^n in n .n^n^i NRm -n n^hr in .n an. ....... ^, „ 

5.9 PCJR49 ONA was used .o transform S. erythraea NRRL 2338 protoplasts to give a 
strain .nwh«hthep,asr„idis*ntegratedintothe Chromosome Fro,ns^^^^^^ 
Obtained and analysed by Southern hybridisafon to confirm mat the p,asm,d has integrated .n 
-odule 2 of En^Al to give a novel macroWe bK,synthet.c pathway Further integrafons had 



SUBSnrUTE sheet (rule 26) 



wo 98A)157I 



PCT/GB97/01810 



41 



occurred to give repealed plasmid sequences. S erythraea /pCJfl49 is inoculated into tryptic soy 
brotn containing Sua /mL Ihiostrepton and incubated at 30"C for three days 100 mL of this seed 
curture was used to inoculate 2 L of sucrose succinate defined medium containing s^g/mL 
thiostrepton in 5 x 2 L flasks each containing 500mL medium with 2 springs to aid dispersion and 
shaken at 300 rpm After a further 5 days of growth the cultures were centrif uged and the pH of 
the supernatant adjusted to pH 9 The supernatant was then extracted three times with and eauai 
volume of ethyl acetate and the solvent removed by evaporation Products were analysed by 
HPLC-MS and two macrolides were identified: 



Example 2 ■ Construction of S ervthrae a ERMDl Carrvino a Hybrid PKS Gene in which t/1ea>^ 



(i)ConstmctiQn of plasmid oAVLD 

Plasmid pCRabc (Example 1) was linearised with BamMI and figated to pU702 previously digested 
wrth Bglff, The mixture contained the desired plasmid pAVLO (Figure 5). The ligation mixture was 
transformed into Ecoli TGI recO and individual colonies were checked for their plasmid content 
The desired plasmkj pAVLO was identified by its restriction pattern (Figure 5). 
(ii)CongtructiQn of S ftrythrga ERMpi 



o 



0 




OH 



NMe^ 



OH 
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en.^aea«.R^3a.„.««..,«„„^,^„„,„^„, ^^^^^ ' 

.-y A, enc<«,„3 ^ 
M"«wyjnig ,a,ea copies ol pA VLD (Figure ej 




— """"""""""" ^" '• "'"" H --n inir n rin 

a-„a.e,30..e„..,„_^„^^^^^,^^^__^^^^ 
-..u™ c™..„,,.,„^.„,„,„^,^,, ««='»-.-..0^.=r«a„..ew,„,e.o..„ 
extracted (wice wim an «,„a/ volume Of emyl acelate 

-o„ce„tra,e»un».r„.uc..pre«ure.«su,ec,..,w^« 
P-.para«v.«„,a,.,c.ro.„o^3^,o,*oa«a,..,20x20c,„,«,e,«„ 
c.=,o,o,.^»,a„*.,„„^,,,^„„ T.ep,o*cts..e,u„n.r„^ 
HP.C on a Pna.es„ c„ Pase.e«.vatea rev.ae..p,^ 3, ^3 ^ 

Fr=c»onsw.,.oo,l.o,=.Oetw..„,,^„„,„,„,„„^^^^^^^^^^__^_^^^^ 
-ens were r.„ec,e.intenaepa«te.,«.„s. T^..^^.^^;;;^ 

formula 1 ) derived from the Incorporation of a S-cartjon^^TTTlT 

H« n or a 5 cart)on (C-S. 2-methyt)otyryl) starter unit emerging 

several minutes later. High resolution MS gave resu«s for 04eryA ervaand.n,n , 

^'VS and eryD analogues, and 

a„,.„eana»„ues..n,*„r,„„„n»c«>»ei,to,nos,c«cu,a.«,: 
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Analgque CatC'dMaSS Measured Mass 
CS-eryA 762.5004 762.5021 
C4-efyA 748.4847 748.4820 
CS-eryB 746.4898 748.5077 
C4-eryB 732.4898 732.4933 

In these experiments natural erythronnycins were present only in low or undetectable 
amounts, and there were no detectable amounts of eryC analogues. The overall concerrtration 
ratro of C-4/C-5 compounds in the fermentation broth, as assessed by ESMS of ethyl acetate 
extracts of broths, was between 41 and 61 rn favour of C-4 compounds. The ratio of A:B:D 
analogues is vartaWe. about 15:60:25. but with an increasing proportion of A analogues as the 
fermentation proceeds. The total yield of erythromycins is about 400 jig/lrtre. No supplementation 
with either isobutyric or 2-methylbutyrfc acid was performed. Thus, it would appear that the 
isobuiyryl and 2-methylbutyryl starter units are derived from endogenously supplied precursors, 
analogous to the synthesis of natural avermectins (e.g.. Hafner et al. (1991). J Antibiot, 44:349- 
356). 

Example 4a - Construction of S ervthraea N RRL 233fl/plG1 

Approximately 5 ng of plasmid pIGl was transformed into protoplasts of S. erythraea NRRL 
2338 and stable thiostrepton resistant colonies are isolated. From several such colonies, total 
DNA was obtained and analysed by Southern hybridisation, to confirm that the plasmid had 
integrated specifically into eryAI. and Southern analysis also showed that the site of integration was 
appropriate to generate a mutant capable of producing aftered macrolides via the ave loading 
module. 



example 4b - Construction of S ervthraea NRRL 233fl/DND3Q 
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ao/e fhiostrepron reastanr colonies are isolated Fm^ 

tCa/pNAwascbtainedandanaiysedfavSou,. . — ' -ch cotonles. 

«"ajysea oy Southern hytiridtsAtion ^« i 

•TMi. ana Souinefnanalyaj also aiow«i>h.f». 
aPP™Poa,.„,en.™,aa„„,„,^„,,,„, 7'^''^--"-=.«0„Wa3 

moou/a. ^ ma av. loading 




and t 



.^**.p»„aMal^.„.o^„„^, »-"-~-"n.»n,„,SO«*, 

was filtered to remove mycella and 3 5 and 6 days, ihebroth 

'"yceiia and then extracted three times wifh a « - 

-^-'-Thecom^inedeth^acetateextract. . ""^^ ^"^ « ''-'^^ -'-e of ethy, 

-ventre.oved.yevapora« ' ~ -P^ate and 

«'byevaporaton.. Analysis of the product mixture us.n9 GC , 
revealed that of a total of 5 s . " electrospray MS 

°' ^ ^ '"^'L °' I4^emt,ered macro/ide products th. « 
3ec-butyl^^,omycinO(aboutt5m«/L. >k '''^ '"^io^ component was 

««»ut 1.5 mg/L). .with other components Dr«««n» ». 

ana its cognate activator aene aMU^HA * 
'^■'^A,«„.„oa„ppl.„,^ _ '"'""""^'""""—^"PraaSon^Typa, 
supplementation wrth either isobutyric or 2^-«, 

^ ^''"^•rtwouldappear.hatth^- . "'^ °' "•"^^^''^l-'c acd was perfonned. 

appear that the .sobutyryi and 2-mefhyfbuty,y, starter un.. 
endogenously supplied precursors '"^^^ derived fn,m 
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gyfl mp l ^ > Preoaratinn of la-lso pmnvl and I3'fiec-Butvl Erythromycins UsinQ S. ervthraea 
NRRL 2338/DND3Q 

S. erythraea NRRL 2338/pND30 was inoculated into tap water medium containing 50 
5 //g/mL thiostreplon and allowed to grow for four days at 30*C. After this. 20 mL of the mycelium 
was used to seed 500 mL of sucrose-succinate medium containing 50 /mL thiostrepton. in a 2L 
flask with a single spring to reduce clumping, shaken at 230 rpm. After between 3.5 and 6 days, 
the broth was filtered to remove mycelia and then extracted three times with a quaner volume of 
ethyl acetate. The combined ethyl acetate extracts were dried over anhydrous sodium sulphate 

1 0 and solvent removed by evaporation. Arwiysis of the product mixture using GC and electrospr ay 
MS revealed that of a total of 5-6 mg/L of 14-membered maaolide products, the major component 
. - was sec-butyl-erythromycin D (about 1.5 mg/L). with other components present being 
sec-butyl-erythromycin B and sec-butyl-erythromycin A: isopropyl-erythromycins A. B and D; and 
small amounts of natural erythromycins A. B and D S. erythraea NRRL 2338/pND30 produced 

15 approximately 10-15 times more of the novei isopropyl- and sec-butyl-erythromyctns compared to 
the equivalent S. erythraea ERMDI constmct (see Example 2) clearly demonstrating the capability 
of the acti promoter and its cognate activator gene aclll-orf4 to enhance the expression of Type I 
PKS's. Again, no supp*ementabon with either isobutyric or 2-methylbutyric acid was pertorrned. 
Thus, it would appear that the isobutyryt and 2-methylbutyryf starter units are derived from 

10 endogenously supplied precursors. 

Example 6a - Preoaratton of l3-cvclopentvl-ervthrQm vcin B using S. ervthraea NRRL 2338/blGi 

The culture S. erythraea NRRL 2338/plGl was inoculated Into 50 mL tap water medium in a 
300 mL Erienmeyer flask. After 36 hours incubation at 28*C. this flask was used to Inoculate 3.5 L 
25 of ER Y-P medium in a 5 L minijar. The broth was incubated at 2a*C with an aeration rate of 1 .75 
L/min Cyctopentane carboxyfic acid ( i 4 mL) was added after 24 hours and the fermentation was 
continued for 168 hours. After this time, the whole broth was adjusted to pH 8.5 with aqueous 
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was 

tiona/ 

was 



' sequentially eluted wrth ethyl acetate f4 x to mL v Hi.K, 

d.ch,orome,t,ane:methano.:am„,on« (9o.^-,j p , ,on,L,- 

oi9.1)(lxi0n,L).methano«(2xt0mL). Fractions 7-io were com.*.^ . 
dryness Thi^fro^ '° and evaporated to 

aryness. This fracnonation was reoeatad nn th- 

ao repeaieo on the remainmo 3 2 o nf n. t*.- 

product of interest fmm '■raaions. containing the 

('0a,m,25™,„„ UtrasptereODS column 

HPLC ,„e - M«nod A - 26.0 miMes 



'mass 
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NMR data: 

Atom number °C chemical shift, from °C NMR spectrum 'H chemicai shift and multiplicity 



1 176 0 - 

2 . 45.0 2.89 IHdq J a 9.4. 7 1 

3 80.4 4.02 IHdd J = 9.4. 1.7 
^ 39,2 2.08 IHmultiplet 

5 83.8 3,59 IHd J = 7.4 

6 75.4 

^ 38.0 2.00 IHdd J= 14.7. 10.8 

ca 1.65 IHmuftipiet 

6 45.0 2.71 1 Hdqd J a 10.5.6.8.2.6 

9 ca. 220.0 

38 9" Z981Hqd J = 6.e. 1.5 

11 69.4 3.73 IHdd J = 9.9. 1.2 

12 38 8* 1.71 IHmultiplet 

13 78.3 5. 19 1Hdd J a 10.5.1.0 
1^ 41 7 2 15 IHbr sextet 
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15 



16 



17 



18 



19 

20 

21 

22 

23 

24 

r 

2' 
4' 



5' 
6' 

7\e* 
1" 

2" 

3" 
4" 



25.4 



25.1 



29.0 



9.24 
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^^"^ ca. 1.69lHmumptet 

ca. 1.21 iHmumplet 
ca. 1.63 IHmuttipiet 
ca. 1.52 IHmumplet 
ca 1.63 iHmuftjplel 
ca. 1 52 IHmultiplet 
ca. 1.69 1H mutt/plet 
ca. 1.21 iHmuitiplet 
1-183Hd J = 7.i 



1 133Hd J = 70 



^^•^ 1.46 3Hs 

1 H3Hd J = 6.8 

^ ^ 0.99 3Hd J = 6.8 

0.863Hd J = 7.1 

^^^•2 4.43 IHd J = 7.3 

^^•^ 3.24 IHdd J =10.3. 7.3 

65-4 

29.0 



2.51 1HdddJ=12.0. 10.6.4.1 
ca. 1.68 1H muttiplet 
ca 1.24 IHmultiplet 
3.50 iHbr sextet 
^'•5 ^ 1.223H<J J = 6.1 

2.322x3Hs 
4.90 IHd J = 4.6 

2.36 IHd J = 15.2 ♦small (<l Hz) 
1.58 IHmultiplet 

72.6 

° 3.02 IHd J = 9.1 
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65.6 4.01 1H multipJet 

^" fB/r 1.29 3Hd J = 6.3 

^" 21.4 1.24 3Hs 

®" *9-5 3.31 3Hs 

• - Assignments for signal with asterisks may be interchangeable 

Example 6t? -Prepgrgtign pf 1 3-cvclQtHintvl-wrvthromvdn R ..ri n o S ftrvthmpa nrri j^'^ ^ f^ ^^pf^^ 

An experiment similar to example 6a. using tne culture S erylhraea NHRL 2338/t)ND30. 
produces the compound exemplified in example 6a. 

Example 7a • Preparation of 13-CYC<0butvl-ftrvthromvftin R iisi n o S >>tvthrao^ nbrl ga.-^flMini 

The culture S. erythraea NRRL 233a/plGl was inoculated into SOmL tap water medium in 
3 X 300 mL Blenmeyer flasks After 72 hours incubation at 2ffC. this flask was used to inoculate 
3 5 L of ER Y.P medium in 3 x 5 L minijars. The broth was i ncubated at 28'C with an aeration rate of 



2.0 LAnin and stirring at 500 rpm. Two feeds otdydobutane carboxylS^id (1.4 mL) were added 



after 24 hours and 48 hours and the ferrnef«a«wn-wa*«>nfimiftj for 168 hours. After this time, the 
• pH of the whole broth was adjusted to 8.5 with aqueous sodium hydroxide and then extracted with 
ethyl acetate (20 L) The ethyl acetate extract was concentrated to dryness gi^ng the crude 
product as a gum (9.2g). A ponion (2.3 g) of this extract was dissolved in ethyl acetate (12.5 mL) 
and added to a prepacked silica gel cartridge (10 g: International Sorbent Technology) previously 
conditioned with ethyl acetate (10 mL). The column was sequentially eluted with ethyl acetate (4 x 
24 mL); dichloromethane:methanol (9:1) (1 x 24 mL): dichloromethane:methanol (8:2) (2 x 24 mL); 
dichloromethane:methanol:ammonia (80:1 9:1) (1 x 24 mL); methanol (1 x 24 mL). Fractions 6-8 
were combined and evaporated to dryness. This fractionation was repeated on a remainirig sample 
of gum (4 7 g). This enrichment step yielded ca 4 1 5 mg of a solid containing the desiretf product! 
This was further purified by preparative reversed-phase HPLC using a Zorbax 7 urn CDS column 
(2 1 .2 mm x25 cm) using a mobile phase of acetonitrile;0.05M ammonium acetate (3:1 ) at 8 
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mLymin. Fractions, containing the product of interest, from five separate injections were combmed 
and evaporated to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 
iim Ultrasphere ODS column (10 mm x 25 cm) using a mobile phase gradient of acetonitnle:0.05 M 
ammonium acetate (28:72) to acetonrtrile.O.OS M ammonium acetate (50:50) over 18 minutes (flow 
rate 4 mUmin). Fractions, containing the product of interest, were combined and evaporated to 
dryness to give a pure white solid (27 mg). The structure of the product was confirmed by MS and 
NMR as follows: 

HPLC retention time - Method A • 22.3 minutes 

APCI-MS - (M + H)"*" observed at m/e 744. required for C39H70NO1 2 - 744 ^ 

O 




NMR data: 
Atom number 

1 
2 
3 
4 



"C chemical shift, from "CNMR 
spectrum 
176.3 

44.5 

80-4 

39.2 



'H chemical shift and multipiicrty 

2.87 IHdq Jt=9.1.7,1 
4.03 IHd Js9.1 
2.08 IHmuttlplet 
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83.9 3.59 IHd J = 74 

75 4 

37 7 1.99 IHmuniplet 

164 IHdd J = 15.0. 3.0 
44 5 2.73 1H br doublet of pentets 

J =ca. 7,0.3.0 

2194 

33.9 2.97 IHqd J =6.9. 1 1 

69 1 3.75 IHdd J=10.2 + smaM 

37 3 1 62 1H multiple! 

77 4 5.39 IHdd J = 9.3. 1-1 

37.0 2.60 iHbr sextet 

25.2 ca 1.97 IHmultiplet 

ca 1.82 IHmultiplet 
^7 7 ca1.83 2HmuItiplet 

24.2 ca1.93 IHmultiplet 

ca 1 75 IHmultiplet 
15,5 1.17 3Hd J = 7.1 

9.3 1.12 3Hd J = 7.5 

27.0 

le.O 3Hd J = 7.1 

9/1 0.98 3Hd J = 6.9 

9 3 0.81 3Hd J = 7.1 

103.4 4.43 IHd J = 7.3 

70.9 3 27 IHctel J= 10.3. 7.3 

65.2 2.64 IHmutliplet 
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5" 

6' . 

r.8' 

1" 

2" 

3" 

•4" 

5" 

6" 

7" 

8" 



29.1 

68.7 
21.0 
40.0 
96. B 
34.7 

72.5 

778 

65.3 

18.2 
21.2 
49.1 



cai.72 iHmuitipiet 
cal.22 iHmuMiplet 

3.52 iHbr sextet J = ca. s i 

1.23 3Hd J = 6.1 

2.38 2x3Hs 

4.89 IHd J = 4.5 

2.38 IHmultiplef 

1.57 IHddJs 15.0. 5.0 

3.02 1Hd.J = 9.2 
4.02 IHmuttiplet 
1.29 3Hd j = 6.2 
1.24 3Hs 
3.31 3Hs 



Example 7h. 



thromvein R usirv;i f.>Yt*"nrp ^^^r 

An expenmen. Similar to example 7a. using the cultures erytnraea NRRL 2338/pNO30. 
produces the compound exemplified in example 7a 



Thecu«ureS.erythraeaNRRL2338/p.Gl was inoculated .nto50mL.apvvatermediurn^ 
300mLErlenmeyerflas..A«er72hours,ncubatlona.28^.,h.s«asKwasused,oino^^^^^^ 
otERY.Pmediumlna5Lmin.iar. The broth was incubated at 28^ with an aeration rate of 1.75 
L/mln. 3-Furoicadd(l.4gin6mLmethano.)wasaddedfilter sterilised af,er24hoursand .he 
fermentation was continued for 138 hours. After this ..me. the pH Of the wholebrothwasadiusted 
to 8.5 w^ aqueous sod«,m hydroxide and then extracted wrth thy, acetate (10 L). The ethyl 
acetateextractwasconcentratedtodrvnessgM-ngthecrud ProduCasagum C3.8g,. A poa.on 
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of this extract ( 1 . 9 g) was dissolved in ethyl acetate ( 1 0 mL) and added to a prepacked silica gel 
cartridge (10 g: International Sorbent Technology) previously conditioned with ethyl acetate (10 
mL). The column was sequentially efuted with ethyl acetate (4 x 24 mL); 
dichloromethane:methanol (9:1) (1 x 24 mL): d»chloromethane:methanol (8:2) (2 x 24 mL): 
5 dichloromethane:methanol:ammonia (80:19:1) (i x 36 mL): methanol (1 x24mL). Fractions 8 and 
9 were combined and evaporated to dryness. This fractionation was repeated on the remaining 
1 .9g of gum This enrichment step yielded a solid containing the desired product. This was 
further purified by preparative reversed-phase HPLC using a Zorbax 7 urn ODS column (21 .2 mm x 
25 cm) using a mobile phase of acetonitrite:0.05 M ammonium acetate (3:1 ) at 8 ml-^in. Fractions. 

10 containmg the product of interest, from three separate injections were combined and evaporated 
to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 iim Ultrasphere 
ODS column (10 mm x 25 cm) using a mobile phase gradient of acetonitrile:0.05 M ammonium 
acetate (28:72) to acetonftrile:0.05 M ammonium acetate (50:50) over 18 minutes (flow rate 4 
mUmin). Fractions, containing the product of interest, from three separate injections were 

\5 combined and evaporated to dryness to give pure 13-{3-furanyl)-erythromycin B as a white solid (9 
mg). The structure of the product was confirmed by mass spectrometry. 
HPLC retention time - Method A - 17.0 minutes 

APCI-f;4S - (M + H)**" observed at m/e 756. required for CagHgeNOi 3 - 756 
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Nmrdara 

Atom number 

1 

2 

3 

4 

5 
6 
7 

8 

9 

10 
11 
12 
13 




Approximate chemical 
shm. from *H - correlation 
data 
174,7 

44.4 

60.3 
39.5 
83.9 
75.0 
37.8 

44.8 
219.7 
39.2 
69.5 
41 4 
69.2 



M chemical shift and multiplicity 



2.93 IHdq J = 8.1. 7.0 
4.14 IHd J = 8.1 
2.18 IHm J = 7.0, 7.2 
3.61 IHd J = 7.2 

2,07 IHdd J = 14.6. 11.3 

1.70 IHdd J =14.6, not resolved 

2-78 IHbrm J = 11.3. 7,0. 2.2 

3.05 IHdq J = 6.9. not resolved 

3.95 1H dd J = 10.0. not resolved 

1.88 IHdq J =10.0. 7.0. 

6.47 IH complex m 
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14 138.3 7.31 1H complex m J= 0.7. 1.8 

15 124.3 

16 108.6 6.31 IHcomplexm. J= 1.8. 0.7 

17 142.8 7.39 1H! J=1.8 

18 15.5 1.21 3Hd J = 7.0 • 

19 8 7 1 16 3Hd J = 70 

20 27.0 1.48 3Hs 

21 18.3 1.18 3HcJ J = 7.0 
2 2 8 4 1.03 3Hd J = 6.9 
23 8 7 0.88 3Hd J = 7 0 

r 103.3 4.46 IHd J = 74 

2' 71 1 3.29 IHm 

3' 65 1 2.60 1H broad m 

4* 29.3 1.78 IHm 

1.24 1Hm 

5' 68.8 3.54 IHm 

6' 20.7 1.24 3H d (obscured) 

7\8' 40.0 2.39 2x3Hs- 

1- 96.6 4.88 IHbrd J = 4.9 

T 35.2 2.39 IHm 

1.59 1Hdd J = 15.0. 4.9 

3" 71.7 

4" 77.8 3.03 IHd (Obscured) 

5" 66 1 4.03 IHdq J = 9.0. 61 

6" 18.3 1.30 3Hd J =6 1 

7" 21.2 1.26 3Hs 

8" 49 1 3.33 3Hs 
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reversed 




An e».,™en, ^ ^ ^ ^ ^^^^^ NRRL2Me*NO30 

BfMuces me comoound exenolifiea In .xampi, ea. 




gn Ql !w-wvumurppY'- prv7 nrg"^ vr '" 

o.ERV.p™*„.. T..s.ep.n.„0S.„„«a»».,„„«,„.,,,„3,«««^ .„e^,n 

^^^^^ 

c.~*a«.„...t,wa.«.«.„e,«.„„„,„.„e,e™en,,.o„.„co„.„„e»,„n« 
.n.n,«.„«^,„,3,,,,,3,, '^•-V.aceu.eex.acwasconcn^e.u.d^es, 

previously conditioned wfth ethyl acetatP ^i>n mix tk^ . 

ein/l««at.(20mL). The column wassequMliMy.iurta witn enyl 

««.,e,.,«„u;«*.™..m.„,^,,,,,„^^,„^_^^^^,^_^^^^^^^_^^^^^^^ 
F™«ons«.„.„„^«^„.^„^^^^^ Th.»ec«n.^.„,.„„„„^ 

n-L^. ^—co n«^^.^.p™<.«o„n,„...e.4sepa,a,e,n|ec,^„e^ co..*« 
3n-.va„,a„.,e.^«,^„,.„3,„^„^,^^^^^^^^__^^^^^^__^ 

,.n.t«.a«ne,.O0Sc.^„0.n,„Sc.,„^a„e.p„,^,„,„„,„^^„^^^ 
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ammonium acetate (28:72) to acetonrtrile:0.05 M ammonium acetate (50:50) over 18 minutes (flow 
rate 4 mUmin). Fractions, containing the product of interest, from three separate injections were 
combined and evaporated to dryness to give pure 1 3-cyclopropyl-erythromycin B as a whrte solid 
(9 mg). The structure of the product was conflmied by mass spectrometry. 
HPLC retention time - Method A - 17.9 minutes 

APCI-fWS - (M + H)"*' observed at m/e 730. required for CssHesNOi 2 * 730 



O 




NMRdata: 

Atom number Approximate "C chemical shift, from 'H chemical shift and muttrplicity 
'H - "'C coaelatlon data 



1 176.4 

2 44.8 2.88 1Hdq J = 8.5. 7.1 

3 80.3 4.04 IHdd J = 8.5. 1.9 

4 39.5 2.11 IHbrpentet J=rca7 

5 83.7 3.58 IHd J = 7.5 

6 75.2 

7 .38 0 2.02 IHdd J =14.7. 10.9 
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8 
9 
10 
11 
12 
13 
14 
15 

16 



17 
18 
19 

20 

21 

22 

1' 

2' 

3* 
4' 



5' 

6" 
7'.8- 
1" 



45.1 
220.0 
39.0 
69.8 
40.4 
78.5 
13.2 
4.1 

2.7 



15 1 
9.3 
27.4 
18.3 
9.3 
9.3 
103.3 
71.0 
65.6 
29.0 

69.2 
20.9 
39.9 
97.1 



1.66 IHdd J = 14 7. 2.8 
2.74 iHdqd J = 109. 71. 2.8 

_ 3.01 IHmultiplef 

3.76 IHdd J = 10.0.ca1.4 
1.84 IHdqd J =100. 6.9. 1.2 
4.68 IHdd J = 9.2. 1.2 
1.09 iHmultiplet 
0-51 IHmuftiplef 
042 iHmuttiplet 
0-51 IHmuttiplet 
0.29 IHmultiplet 
1.19 3Hd J = 7.i 
1.14 3Hd J = ca7.i 
146 3Hs 
1.16 3Hd J=7.i 
1.001 3Hd J = ca 7.2* 
0.998 3Hd Jscae.g* 
4.43 IHd J=7.2 
3.25 IHdd J= 10.3. 7.2 
2.54 iHbrddd J = ca 12.5. 10.3. 4 
1.69 IHmultfplet 
1.25 IHmultiplet 
3.51 IHbrdq J = ca11.6 
1-22 3Hd J = 6.2 
2.33 2 x 3Hs 
4.87 iHbrd J = ca5 
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2" 35.0 2.37 IHbfd J = ca. 15 

1.57 iHdd J=: 15-1.5.0 

3" 72.5 . 

78.1 . 3,01 IHbrd J = 9.2 

5" 66.0 4.02 IHdq J = 9.2/6.2. 

6*' 18.3 1.28 3Hd J=:ca6.2 

7*' 21.0 1.24 3Hs 

6" 49.3 3.32 3Hs 



• Assignments indicated wrth an asterisk maybe reversed 



Example 9b - Preoaratton of n-cvcto oroDyf-ervthromvcin B using S. ervthraea NRRL 233e/pND3Q 

An experiment similar to example 9a; using the culture S. erythraea NRRL2338/pND30. 
produces the compound exemplified in example 9a. 

Example 10a > Preparation of l3-f1> methvfthio-ethvl^efvthrQmvcin Busing S. en^hraea MRRL 

The culture S. erythraea NRRL 2338fp\G^ was inoculated into 1 L lap water medium in a 
2.8 L Fembach flask. Thiostreptone (50 mg) was added immediately after Inoculation. After 84 
hours incubation at 2!9*C. this flask was used to inoculate 8 L of supplemented ER Y-P medium (50 
g/L Dextrose. 30 g/L Nutrisoy flour. 3 g/L ammonium sulfate, 5 g/L NaQ. 6 g/L CaCOj. 10 g/L 
sucrose, 5 gA. corn steep solids, 0.5 g/L MgSO^and 1 mUL of P2000) in a 14 L fermentor jar. The 
broth was incubated at 28'C wrth an aeration rate of 8L^in, stining at 800 rpm and with pH 
maintained between 6.9 and 7.3 with NaOH or HJSO4 (15%). Methyfthiolactic acid (3.2 mL) was 
added after 24 and 48 hours. Additional methyfthiolactic acid (1 6 mL) was added after 120 hours. 
The fermentation was continued for 142 hours. After this time, the whole broth was centrifuged to 
yield cenirat (34 L) which was loaded onto a XAD-16 resin column (600 mL; Rohm and Haas). The 
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* WW mL;. TO /o methanol (3 x 100 mL) 
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spKiroscopy OMXSOO MHz spactromaw) aa Um,: 

HPLC raliMon lima • Mattiod B ■ 14.9 minulas 

AFC|.MS.,M»H)-0bS«v«, „„«764. ,«^«,te,C,eH70NO,,S . 764 
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NMRdata: 



Atomic 


°C(ppm) 


# Attached 'H 


'H(ppm) 


1 


221.08 


0 




2 


176.10 


0 




3 


103.42 


1 


4.49 


4 


96.93 


1 


4.94 


5 


84.31 


1 


3.63 


6 


60.69 


1 


4.06 


7 


78.30 


1 


3.07 


8 


76.17 


1 


5.42 


9 


75.75 


0 




10 


73.11 


0 




11 


71.23 


1 


3.32 


12 


69.64 


1 


3.77 


13 


69.03 


1 


3.56 


14 


66 18 


1 


4.06 
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15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

26 

29 

30 

31 

32 

33 

34 

35 

36 

37 



65.99 

49.91 

45.62 

45.26 

40.61 

40.01 

39.60 

38.94 

38.44 

37.68 

35.47 

29.66 

27.70 . 

21.89 

21.77 

19.08 

18.92 

18.19 

16.29 

11.11 

10.16 

9.70 

9.62 



1 

3 

1 

1 
3 
1 



1 
1 
2 
1 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 



2.68 
3.36 
2.74 
2.96 
2.46 
2.83 
2.14 
3.04 
2.03/1; 70 

2 44 
2.41/1.53 
1.79/1.32 
1.51 
1.29 
1.26 
1.33 
1.20 
1 33 
1.23 
2.12 
1.07 
1.17 
0.90 




10b - Prm 



-mi 
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An experiment similar to example 10a. using the culture S. erythraea NRRL 2336/pNO30. 
produces the compound exemplified in example lOa. 

p j xampte 11 ' Preoaratinn of i3-c yrlr>hntvUervthromvcin B usrno S ervthraea NRRL 2338 
5 The culture S. erythraea NRRL 2338 was inoculated into 50 mL tap water medium in a 300 

mL Erienmeyer tiask. After 48 hours incubation at 28*C this flask was used to inoculate 50 mL of 
* ER Y-P medium in a 300 mL Erienmeyer flask. The broth was incubated at 28*C- Cydobutane 
carboxylicadd (20 mL) was added after 24 hours and the fermentation was continued tor 168 
hours After this time, the whole broth was adlusted to pH 8.5 with aqueous sodium hydroxide and 
10 then extracted with ethyl acetate (50 mL). The ethyl acetate was separated and concentrated to 
dryness. The sample was redissolved in methanol (1 mL) for HPLC-MS analysis. This confirmed 
the production of 13-cyclobutyl-erythromycin B. by the untransformed. non-recombinant NRRL 
2338 as described in example 7 for the genetically-engineered strain containing the loading 

module (NRRL2338/plGl construct) 
15 HPLC retention time - Method A - 22.3 minutes 

APCI-MS - (f^ + H)**" observed at m/e 744. required for C3 9H70NO1 2-744 

Example 12 - PreoarAtipn of i3.cvQ t^prQDvl-en^hromvctn B using S. ervthraea NRRL 2338 

The culture S. erythraea NRRL 2338 was inoculated Into 50 mL tap water medium in a 300 

20 mL Erienmeyer flask. After 48 hours incubation at 28*0. this flask was used to inoculate 50 mL of 
ERY-P medium in a 300 mL Erienmeyer flask. The broth was incubated at 28*C. Cydoproparie 
carboxylic ackJ (20 mL) was added after 24 hours and the fermentation was continued for 168 
hours. After this time, the whole broth was adjusted to pH 8.5 with aqueous sodium hydroxide and 
then extracted with cthyi acetate (50 mL), The ethyl acetate was separated and concentrated to 

25 dryness. Th sampi was redissolved in methanol ( 1 mL) f or HPLC-MS analysis 
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Mnla,nm9 ».. at loadins moaM (NflflL J33a«,G. constwl, 

HPLCrelenliootlme-Mel)ioiIA.l7.9mrnijles . ' 

-0 wer««,mK ^ » HI x 24 mL). methanol (1 x24mL). Fractons6-8 
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Fractions, containing the product of rnterest. were combined and evaporated to dryness to give a 
pure white solid (4 mg). The structure of the product was confirmed by MS and NMR spectroscopy 
as follows: 

HPLC retention time - Method A • 1 7.5 minutes 

APCI-MS • (M + Hy observed at m/e 760. required for C^H„NOo • 760 




Nmrdata: 

Atom number Approximate ''C chemical shift, from - ''C 'H chemical shift and multiplicity 

correlation data 

1 176.1 

2 44.7 

3 79.8 

4 39.3 

5 63.4 

6 75.4 

7 38.3 



2.68 IHmultiplel 

3.99 IHmultiplet 

1.97 IHmuftiplet 

3.57 IHd J = 7.6 



1.92 IHmumplet 
1 72 IHmuftiplet 



SUBSmVTE SHEET (RULE 26) 



wo 98^)1571 



PCT/GB97/01810 



66 



8 

9 
10 
1 1 



14 
15 

16 

17 
18 

20 

21 

r 
r 

3' 
4* 

5* 
6' 
7*.8' 

r 

T 



45.1 
222.5 
37.4 
69.1 



12 76.1 

13 77.1 



34.8 
26.7 

18.8 

24.8 
15.8 
26.9 
18.1 

103.0 

71.0 

65.3 

28.7 

69.2 

21.3 

40.0 

96.3 

34.7 

73.0 



2.70 IHmuttiplet 

3.07 1Ht)rqJ = 7.0 
3.77 IHbrs 

5.10 IHd J = 7.i 
2.B6 IHmultipfet 
1.98 1Hmult?p(et 
1.80 1HmurtiD*ef 

1.88 IHmuftiplet 
1.71 IHmuttiplet 

1.89 2HmuIliplet 
1.19 3Hd J = 7.0 
1.47 3Hs 

1.16 3Hd J = 7.0 
4,42 IHd J = 7.2 
3.24 IHdq J = 10.4.7.2 
2.51 IHmuttiplet 
1.68 IHmuttiplet 
1.2*6 IHmultiplet 

3.49 IHmuttiplet 

1.23 3Hd J = 6.2 

i38 2x3Hs 

4.89 IHd J = 4.5 

2.3B IHmuttiplet 

1.57 1HddJ=l5.0.5.0 
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4" 78.0 

5" 65.6 

6" 18.4 

7" 21.3 

8" 49.4 



3.02 IHd J = 9.4 
4.00 IHmultiplat 
1.29 3HcJ J = 6.2 
- 1.24 3Hs 
3.32 3Hs 



Example Preparfltion of 13-cvclQhtitvl.ervthf»mvrin ^ ^,sino R prvthrfl p a NBRI 9H'^^/j^K^p ^q 
An experiment amilar to example 13a. using the cylture S. erythraea NRRL 2338ytND30. 
produces the compound exemplified in example 13a 

example 14a • preparation of la-cvclopronvl-ervthfamyrin A usino S ftfvthraea NBRI M-'^fl/hl fil 
Six 2800 ml Fernbac.1 flasks were inoculated with S. erythraea NRRL 2338/plG 1 . Each 
flask contained 1 L of tap water medium with 50 mg of thiostreptone added to each flask. After 24 
hours of incubation at 28'C. 200 ppm of cyclopropane carboxylic acid was added to each flask 
The flasks were incubated for 90 hours and composited into a sterile. 8 L aspirator bottJe. The 
aspirator bottle was used to inoculate 314 gallons of ERY-P medium in a 500 gallon pilot vessel. 
• The broth was incubated, run at 27'C to 29*C. at a pH ranging from 6.7to 7.4. with an aeration rate ■ 
of 20 standard cubic feet^nin and stirring at 1 75 rpm. Cyclopropane carboxylic acid (200 mg/L) was 
added after 33 hours. 81 hours and 1 17 hours The fermentation was continued for 198 hours. 
After this time, the whole broth was filtered over a 0.2;mi. ceramic filter (30 ft*. U.S. RIter). The 
filtrate was loaded onto an XAD-16 resin column ( 12 L; Rohm and Haas). The resin column was 
then eiuted with ethyf acetate (60 L). The ethyl acetate was concentrated to a gum (302 g) to 
wNch 2 L of methylene chloride was added. The resulting methylene chloride solution was 
washed with 8 L of 250 m M sodium bicarbonate buffer. pH 9. The erythromycin rich methylene 
chloride layer was separated, evaporated to a gum (200 g). and then resuspended into 40% 
methanol (1 0 L) which was loaded onto a GG- 1 61 resin column (9 L. Toso Haas). The resin column 
was washed with 40% methanol (30 L) and sequentially luted with 75% methanol (8 x tO L) and 
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phase(j(m«(,aTOl.oo5M»„„„ """""^Scm) using a mobile 

"I 'f-yness to yield 6ao„„ , . """^MmoevaDorateaio 
toy,el,l63omgo,„„,3^^„^^ _ 

trifiuoro. ''•°°^*^="""0"'U'n acetate With 0.T-/O 

° ""'■"'"'^ T„eme„„e„a,,„^,„^ 
»=P-,Oano,v,^ao..^e,,,^3„„„, ^ J"' , 

P«.nom.r,.xP,odis„„o^C8eo«,mi.,50,250mm)„sing.„obi,.»„ , 

-0 fta«, '"°^'""«'"=<«'«'«-«o*™.c.,O0n,Uni„ 
-0 ;"--"-^-P"<-o,^e«,..,„,^e,,w„co,„b^.^„,^^ 

pnase MPLC using a Phenomenex Prodiov io ..m rro 
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cyclopropyl-efythromycin A as a solid (20 mg). The structure of the product was confirmed by MS 

and NMR spectroscopy (Bruker OMX 500 MHz spectrometer) asfoHovys: 
HPLC retention lime - Method B - 5.6 minutes 
APa-MS - (M+H)* observed at m/e 746, required for C.H«N0t3 - 746 




NMR data: 



Atom# 
1 
2 
3 
4 
5 
6 
7- 
6 
9 



"CCppm) 
222.41 
175 88 
103.63 
96.75 
83.92 
60.25 
78.52 
78.42 
75-99 



# Attached 'H 
0 
0 



*H(ppm) 



4.45 
4.92 
3.60 
4.02 
4 74 
3.05 
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10 

It 

12 

13 

14 

15 

16 

17 

18 



19 
20 
21 
22 
23 
24 
25 
26 
27 
28 



29 

30 

31 

32 

33 

34 

35 

36 



75.49 

73.05 

71,31 

69.46 

69.39 

66 02 

65.95 

49.93 

45.47 

45.23 

40.70 

40.00 

38.94 

38 46 

35.38 

29:07 

27.36 

21.94 

21.84 

19.08 

18.69 

17.38 

16.11 

12.38 

10.64 

9.60 

4.23 



0 
0 
1 
1 
1 
1 



3.27 
3.84 
3.52 
4.04 
2.49 
3.36 
2.74 
2.89 
2.34 
2.02 

^* 1.96/1.76 
^ 3.15 



1 
3 
1 
1 

1 

1 



^ 2.41/1.61 
^ 1.71/T.28 



3 
3 
3 
3 
3 



1.50 
1.28 
1.26 
1,32 
1.21 
1.31 
1.21 
1.20 
1.20 
1 16 

^ 0.67/1.33 



3 
3 

3 

1 

3 
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37 1 64 2 0.47/0.32 

Example 14b - Preparation of 13-cvcloprQDvl-efVthromvcln A using S ervthraea NRRL 
Pa3fl/pND30 

5 An experiment similar to example I4a. using the culture S. erythraea NRRL 2338/pND30. 

produces the compound exemplified in example 14a. 

Example 1 5a - Preparation of 13- rs-thienyl^-ervthromvcln B using S. ervthraea NRRL 233SyblGl 

The culture S. erythraea NRRL 2338/pIGl was irwculated into 50 mL tap water medium in a 
1 0 300 mL Erlenmeyer flask. After 48 hours incubation at 28^C. 5 mL of this inoculum was used to 

inoculate 50 mL of ER Y-P mediun in a 300 mL Erlemneyer flask. The broth was incubated at 26PC. 

The N-acetyl cysteamine thioester of 3-thiophene carboxylic acid (20mg in 0.5 mLof methanol) 

was added filter sterilised after 24 hours and the fermentation was continued tor 168 hours. After 

this time, the whole broth was adjusted to pH 8.5 with aqueous sodium hydroxide and then 
1 5 extracted with ethyt acetate (50 mL) The ethyl acetate was separated and concentrated to 

dryness. The sample was redissolved in methanol (1 mL) for HPLC-MS analysis. This confirmed 

the production of 13-(3-thienyl)-erythromycin B. 

HPLC retention time - Method A • 20.0 minutes 

APCI-MS - (M + H)* observed .at ,m/e 772. required tor C»H»NOcS - 772 

20 

Example 15b - Preparation of 13- f3-thienvfWefvthromvcin B usrno S. ery thraea NRRL 2338/PND30 

An experiment similar to example 15a. using the culture S. erythraea.NRRL 2338/|dND30. 
produces the compound exemplified in example 15a. 

25 Example 16 * Preparation of 6-deoxv-13- cvclQproDvl^fvthromvan B using S ervthraea NRRL 
18643 
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5 Anrii loo^i o. eryinraea (Science. 252*i 14 

solids 0 5 a/L ^ • ® Steep 

wrthanaeralionrateof8Ly;nin • ^^"'^ "'as mcubated at 28-C 

Of 8 Lymrn. st/mnfl at 800 rpm and wrth pH maimain«d 

«^™ama U,<,toevapo,alio„t,ask,„,iew 1 1.0 got oil, t.- 

mi. Of a 4 6 m«na™,.,««, ^„ 
(TosoHaao tk. . "^-'STesn column 

-0 gradient run was inrtiated with 

^'^ wasfo(lowfidh««.i« ^'^"°*'ateof 120 fiiUnin. This 
m.n,„,.e„,oo«,o,^_„„^^,^^^^^^^^_^ 

'"™™""'~-»-'«-^-..n.«„oe«oo„u „„„ ■ 

I wmuj. Th methylene chJofide 
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layer was separated and evaporated to dryness to yield purified 6-deo)cy-l3*cyclopropyf- 
erythromycin B (12 mg). The structure of the product was confirmed by MS. 
HPLC retention time - method B • 21.4 minutes 

APCI mass spectroscopy • (M+H)* observed at m/e 714, required for CaH«NOtj - 714 



Example 1 7 - Preparation of 6-deoxv>13>DroDVl>ervthromvcin B usi ng S ervthmea NRRL 19643 

S. erythraea NRRL 18643 was inoculated from a three day patch on _ YPD agar (0.5% Difco 
yeast extract, 0,5% Difco Bacto peptone, 0.25% dextrose. 0.5% MOPS. 17% Difco Basto agar. 
pH adjusted to 7.0) into 25 mL of _YPO broth (0.5% Difco yeast extract. 0.5% Difco Bacto 
10 peptone. 0.25% dextrose. 0.5% MOPS. pH adjusted to 7.0) in a 250 mL Ertenmeyer flask. The 
flask was Incubated at 225 rpm. 29*0. for 48 hours. 2.5 mL were inoculated into 25 mL ER Y-P 
medium (5% dextrose. 3% Nutrisoy fiour, 0.3% (NHJ^04, 0.5% NaCI. 0.6% CaCOj. pH adjusted 
to 7.0) and incubated at 225 rpm. 29*0, for a total of 6 days. Butyric acid was added to the flask at 
24. 72 and 120 hours (400 ppm. 400 ppm. 200 ppm, respectively). Whole broth pH was then 
!5 adjusted to 9.1 using iNNaOH. The sample was extracted twice with an equal volume of ethyl 
acetate. Ethyi acetate phases were concentrated to dryness under nitrogen (50^0 water bath), 
then rgs uspended in 1 Q mL meth anol for HPLO-MS analysis. This confirmed the production of 6- 



Example 19 - Evaluation of Antibacterial Activity 

An in vitro antibacterial assay was performed in miaotiter and interpreted according to 
Perfgrmapcg Standards for Antim'crQbtai pigk SusceptttfirtY Tgg<s - Sitfh Etfitten; Apprgved 
25 standard , published by The National Oommrttee for Oinical Laboratory Standards (NOCLS) 

guidelines. Minimum inhibitory concentratjons(MIOs) wer obtained versus various bacteria For 



5 




"HPlC retention time - Method 0 - 23.5 minutes 



20 



APCI-MS-(M+H)' observed at m/e 716. required for CaH^NO,, • 716 



SUBSTTTUTE SHEET (RULE 26) 



wo 98^1571 

FCT/GB97/0I810 



74 



rar,gingfrems0.1tol56,.gmiL. esgeneraJly 
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Claims 

1 compound of the formula 1 




N(CHa)2 




KjC or 13 



and to pharmaceuticaily acceptable salts thereoi. wherein- 

R, IS an alpha-branched C, C. alkyl. alkenyl. aikynyl. alkoxyalKyI or aikylthtoaikyi group any of 
which may optionally be substituted by one or more hydroxyl groups: a C,-C. cycloalkylalkyi group 
wherein the alkyl group is an alpha-branched Cj-C» alkyl group: a C,-C, cydoalkyt or Cj-C, 
cycloalkenyl group, either of which may optionally be substituted by methyf or one or more 
hydroxyl or one or more C.-C . alkyl groups or halo atoms: or a 3 to fi membered oxygen or sulphur 
corrtaining heterocyclic ring which may be saturated, or fully or partially unsaturated and which may 
optionally be substituted by one or more C.-Calkyl groups or halo atoms: 
or R, is phenyl which may be optionally substituted with at least one substituent selected Irom C,- 
C,alkyl.C,-C,alkoxyar>dC.-C.aikylth.o groups, halogen atoms, hydroxyl groups, trifluoromethyl. 
and cyano: or R, may be with a formula O) as shown below: 



(CH2)e \^ 

> 

/ 

'(CH2)a 
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wher«nx.G.Sor-CH,..a.b.c.an..areeachlndepen.en,V0-2an^ 

R,isHorOH: R,R,areeac^ .ndepenCen,,, H. CH,. or CH,CH,: fl. is h or OH. and fl, is H 
CH,. or CH,CH,; R, is H or desosamine; fl, is H CH, or Ch^h d «o 
, .• . ■ ''""llif^^^'R-'sOH.mycarosefR^isHXor 

5 '^'^*"°«(«oisCH3).R..isH:orfl, = R„=o.andR.isHCH orCKCH or 

V >o n. on, or t^MjCHj, or any of the above 

I one or more -CHOHor-CHOR groups by a keto group 



defined compounds modified by replacing i 
./^^ compound of the formula g: 




N(CH3)j 



Re = H or 




Rio = OH or 




H3C 0R13 



and 10 pham,aceutically acceptable saftsthereof. wherein. . 

R..sH.C.<:,a.lcyx,<J.alkeny..c,C.alkyn^.alKoxyalky.oralky.thi^^ , 
.oecarbon atoms in eachalRyforaltexy group Wherein anyofsaida«cy..alKoxy.a^^^^ 

groupsmay be substrtuted by oneor more hydroxy, groupsorby one or more hafo atoms:oraC- 
C.cycloalRy,orC,<:.cyctoaIkeny. either Of Which niaybeoptionayysubsfnuted by methW 
-orec,^,a.kylgroupsorhaioatoms;ora3,o6memberedoxygenor sulphur containing 



heterocyclic ring which may be saturated 



or fully or partially unsaturated and which may optionally 



be sub^ituted by one or more C.<:, alky, groups or hato atoms:or agroupof ,hefom,u.aSR„ 
where.nR„.sC.^.aMX,-C.a,kenW.C,<:.a.ky„y,.C,<:.cyctoa«cy,.c.<:.cycto^^^^ 
substituted pheny, Wherein the substituen. .s alkytx.^:, alkoxy or hafo. or a 3 to 6 membered 
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oxygen or sulphur-comaintng heterocyctic ring which may be saturated, or fully or partially 
unsaturated and which may optionally be substituted by one or more C^-C* alkyl groups or halo 
atoms 

R, is H or OH; Rj-Rj areeach Independently H. CHg. or CHjCH^; Rg is H or OH: and R, is H. 
5 CHa. or CHjCHj: R. Is H or desosamrne; R^ is H. CHj. or CHjCH,; R» is OH. mycarose (Ro is H). or 
cladinose (Rq isCHJ. R„ is H: or R« = R„ = O: and R,, is H. CHj. or CHyCHg. with the proviso tnat 
when Rj-fl, are CH,. R, is CH,. R^ is CHj. and R^ is CHj. then R, is not H or C, alkyl; or any of the 
above defined compounds modified by replacing one ormore-CHOHor-CHOR groups by a keto 
group 

3 A compound of the tormula 1 as daimed in claim 1 wherein R, is a Cj-Ca cyctoalkyl or 

cycloatkenyf group which may be optionally substituted by one or more hydroxyl groups or one 
or moreC-C^ alkyl groups. 

4. A compound of daim 3 wherein R, is cyclopropyl. 
15 5 A compourKj of daim 3 wherein R, is cyclobutyl. 

6. A compound of daim 3 wherein R, is cyclopentyf. 

7. A compound of claim 3 wherein R, is cyclohexyl. 

8 A compound of daim 1 wherein R, is an alpha-branched Cj-Cg alkyl. alkenyl. alkynyl. aOcoxyalkyi 
or alkylthioalkyt group. 
20 9. A compound of daim B wherein R, is isopropyi- 

1 0. A compound of claim 8 wherein R, is sec-butyl. 

1 1 . A compound of daim 8 wherein R, is 2-buten-2-yi, 2-penten-2yl, or 4-methyI-2-pentefv2-y1. 
12 A compound of daim 8 wherein R, is 1-methylthioethyl. 

1 3 . A compound of daim 1 wherein R , is a 5 or 6 membered oxygen or sulphur containing 
25 heterocyclic ring which may be optionally substituted by one or more hydroxy! groups or C ,^4 
alkyl groups or halogen atoms 
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14. Acompoundofdaim i3whereinR.is3-thleny,. 

15 Acom«,undofcla*m l3whereinR.is3.furany,. 

16. A compound Of daim i wherein R. is phenyl. 

'7. A compound of c/aimi wher«fn R i- - 

wnerem R, ,s a group of formu/a (a) wherein a »„w k 

andXis-CH,.. ^^""'^«'"««"dbare0.canddare i 

18. A compound of daim 1 wherein n 

wnerem R, is a group of formufa fa) wh-roin , ^ ^ 

andXis-CH,. ^'^^^''"'^'"aandbareO.cis l.dis2 

19. A compound of daim i wh*ir»m o • 

wf,erem R, ,s a groupof fomiula (a) where,n a «nH K 
and X ISO. * ^'*'^'*"8^dbareo.canddarei 

compound of formulae l or g. ^ 
24.'A process of daim 23 wherein the organism is Saa^^rr, , 

compounds of formula 1 SairtrM»^ w '"synmesis of 

s.-atos NHRL 2338. 18643 or 2,4e, „, »»»lecWh)m 

^- P^^^^ 'Other similar constructs 
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27. A process of daim 25 wherein Ihe organism is S erythraea ERMDl . S. eryihraea NRRl 
2338/jplGl. S. eryihraea NRRL 2338/pND30. or other similar transformants 
^28^ phamiaceulical composmon compnsing a IheraDeulically effective amounl of a compound 

acconrfing to claim 1 or claim 2 in combination with a pharmaceutical!/ acceptable carrier. 
2ajA method of treating a bacterial infection, ora disorder related to a bacterial infection, or a 
protozoal infection in a mammal, fish, or bird which comprises administering to sard mammal, 
fish, or bird a therapeutically effective amounl of a compound of claim 1 or claim 2 
p. Use of compound of daim l or claim 2 in the manufacture of a medicament for treating a 
bacterial infection in a mammal, fish or bird 
3 1 Use of a compound of Claim i or Oaim 2 lor improving performance effects (such as weight 
gains, feed efficiency utilisation milk yield, etc.) in a mammal, fish, or bird 
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